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RESERVOIR PRESSURE EQUALIZATION
SYSTEMS AND METHODS

CROSS-REFERENCE TO RELATED PATENT
APPLICATIONS 5

This application 1s a Division of U.S. application Ser. No.

13/411,278, filed Mar. 2, 2012, which 1s a Division of U.S.
Ser. No. 11/965,578, filed Dec. 277, 2007, incorporated herein
by reference 1n 1ts entirety. 10

BACKGROUND OF THE INVENTION

1. Field of the Invention

Embodiments of the present invention relate generally to 15
systems and methods with reservoirs and, 1n specific embodi-
ments, to systems and methods allowing for pressure equal-
ization of fluidic media contained within the reservoirs.

2. Related Art

According to modern medical techniques, certain chronic 20
diseases may be treated by delivering a medication or other
substance to the body of a patient. For example, diabetes 1s a
chronic disease that 1s commonly treated by delivering
defined amounts of insulin to a patient at appropriate times.
Traditionally, manually operated syringes and insulin pens 25
have been employed for delivering msulin to a patient. More
recently, modern systems have been designed to include pro-
grammable pumps for delivering controlled amounts of medi-
cation to a patient.

Pump type delivery devices have been configured in exter- 30
nal devices, which connect to a patient, and have also been
configured 1 implantable devices, which are implanted
inside of the body of a patient. External pump type delivery
devices include devices designed for use 1n a stationary loca-
tion, such as a hospital, a clinic, or the like, and further include 35
devices configured for ambulatory or portable use, such as
devices that are designed to be carried by a patient, or the like.
External pump type delivery devices may contain reservoirs
of fluidic media, such as, but 1s not limited to, insulin. Exter-
nal pump type delivery devices may be connected 1 fluid 40
flow communication to a patient or user, for example, through
a suitable hollow tubing. The hollow tubing may be con-
nected to a hollow needle that 1s designed to pierce the skin of
the patient and to deliver fluidic media there through. Alter-
natively, the hollow tubing may be connected directly to the 45
patient as through a cannula, or the like.

Examples of some external pump type delivery devices are
described 1n the following references: (1) Published PCT
Application WO 01/70307 (PCT/US01/09139), entitled
“Exchangeable Electronic Cards for Infusion Devices™; (11) 50
Published PCT Application WO 04/030716 (PCT/US2003/
028769), entitled “Components and Methods for Patient Infu-
sion Device”; (11) Published PCT Application WO
04/030717 (PCT/US2003/029019), entitled “Dispenser
Components and Methods for Infusion Device; (1v) U.S. 55
Patent Application Pub. No. 2005/0065760, entitled “Method
tor Advising Patients Concerning Doses Of Insulin™; and (v)
U.S. Pat. No. 6,589,229, entitled “Wearable Selt-Contained
Drug Infusion Device”, each of which 1s imcorporated by
reference herein in its entirety. 60

As compared to syringes and insulin pens, pump type
delivery devices can be significantly more convenient to a
patient, 1n that doses of insulin may be calculated and deliv-
ered automatically to a patient at any time during the day or
night. Furthermore, when used 1n conjunction with glucose 65
sensors or monitors, isulin pumps may be automatically
controlled to provide appropriate doses of fluidic media at

2

appropriate times of need, based on sensed or monitored
levels of blood glucose. As a result, pump type delivery

devices have become an important aspect of modern medical
treatments of various types ol medical conditions, such as
diabetes, and the like. As pump technologies improve and
doctors and patients become more familiar with such devices,
external medical infusion pump treatments are expected to
increase 1n popularity and are expected to increase substan-
tially in number over the next decade.

However, one of the problems with pump type delivery
devices 1s that a bolus of fluidic media could be delivered
inadvertently to the patient 1n a case where the reservoir of
fluidic media 1s pressurized. FI1G. 13 illustrates a conventional
reservolr system 700. The reservoir system 700 may include
a reservoir 710 with an interior volume 715 filled with fluidic
media, a plunger head 720, a plunger shatt 725, and a drive-
shaft 772 mechanically connected to a drive motor 774. The
reservolr 710 may include a self-sealing septum 711. When
the reservoir 710 1s 1nserted 1n the reservoir system 700, the
plunger shatt 725 mechanically couples with the driveshatt
772 by use of complementing mating parts, such as threads,
for example. If the complementing threads of the plunger
shaft 725 and the driveshait 772 are not perfectly aligned, the
plunger shait 725 shiits a small distance, such as a half thread
forward or backward, so that the threads can align and couple
together. Accordingly, the plunger head 720, which 1s con-
nected to the plunger shait 7235, 1s moved a half thread for-
ward or backward within the reservoir 710. If the plunger
head 720 1s moved forward, pressure in the mterior volume
715 of the reservoir 710 1s increased. As a result, this could
cause the reservoir system 700 inadvertently to pump a small
bolus of tluidic media to a user once a tluid path between the
reservolr system 700 and the user i1s established. Alterna-
tively, the interior volume 715 of the reservoir 710 could
become pressurized due to a change 1n an external influence
such as an altitude or a temperature as well, which could also
lead to an 1tnadvertent bolus of tluid being delivered to the user
once the fluid path between the reservoir system 700 and the
user 1s established. The opposite etffect 1s true for a system that
draws the plunger head backwards, establishing a negative
pressure 1n the reservoir. In this case, bodily flmds may be
drawn 1nto the fluid path or reservoir when the fluid system 1s
tully connected.

SUMMARY OF THE INVENTION

Various embodiments of the present invention are directed
to equalizing pressure 1n a reservoir containing fluidic media.
This may prevent patients from inadvertently receiving
boluses of fluidic media because of increased pressure within
a reservoir ol a medical device due to, for example, imperiect
alignment of a plunger shaft and a driveshatt within the medi-
cal device, or a change 1n an external influence, such as an
altitude or a temperature change. Additionally, 1t may prevent
the system from drawing bodily fluids into the reservoir 1t the
reservoilr 1s biased with a negative pressure.

A system for equalizing pressure 1n a reservoir 1 accor-
dance with an embodiment of the present invention may
include, but 1s not limited to, a structure, a needle, and a
pierceable member. The structure may have a chamber. The
needle may be connectable to the reservoir for allowing flu-
1dic media contained in the reservoir to flow through the
needle when the needle 1s connected to the reservoir. The
pierceable member may be moveable within the chamber and
pierceable by the needle. The pierceable member may have an
interior volume for containing fluidic media expelled from
the reservoir before the pierceable member 1s pierced by the
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needle. In some embodiments, the interior volume of the
pierceable member may allow for containing fluidic media
that flows through the needle from the reservoir before the
pierceable member 1s pierced by the needle. Fluidic media
may be expelled from the reservoir 1n a case where a pressure 3
difference exists between the reservoir and the chamber. In
some embodiments, fluidic media may be expelled from the
reservolr 1n a case where a pressure difference exists between
the reservoir and the interior volume of the pierceable mem-
ber. An end of the needle may be located at least substantially 10
within the nterior volume of the pierceable member before
the pierceable member 1s pierced by the needle. A cross-
section of the pierceable member may be U-shaped.

The system may further include a first housing portion and
a second housing portion. The first housing portion may be 15
adapted to be carried by a user. The second housing portion
may be configured to be selectively operatively engaged with
and disengaged from the first housing portion. The structure
may be supported by one of the first and second housing
portions. The pierceable member may be positioned to be 20
pierced by the needle when the first housing portion and the
second housing portion are operatively engaged. The needle
may be positioned to enter the other of the first and second
housing portions from the one of the first and second housing,
portions when the first housing portion and the second hous- 25
ing portion are operatively engaged.

The pierceable member may have a first end and a second
end. The first end may be for contacting the other of the first
and second housing portions from the one of the first and
second housing portions when the first housing portion and 30
the second housing portion are operatively engaged. The sec-
ond end may be located on an opposite side of the pierceable
member from the first end.

The chamber may have a first portion and a second portion.
The first portion of the chamber may be adjacent to the second 35
end of the pierceable member. The first portion of the cham-
ber may be for containing fluidic media in a case where fluidic
media tlows out of the interior volume of the pierceable
member. The first portion of the chamber may be located
between the pierceable member and the reservoir. The second 40
portion of the chamber may be adjacent to an opposite side of
the pierceable member from the first portion of the chamber.
The second portion of the chamber may be for containing
fluidic media 1n a case where fluidic media flows out of the
first portion of the chamber. The pierceable member may 45
turther include a seal member. The structure may have an
opening that communicates with the chamber. The opening
may allow for fluidic media to be purged from the chamber in
a case where fluidic media tflows out of the interior volume of
the pierceable member. 50

The system may further include a bias member. The bias
member may be arranged to impart a bias force on the pierce-
able member. The bias member may be a spring. In other
embodiments, the pierceable member may have a resiliently
flexible portion. The resiliently flexible portion may be for 55
providing a bias force on the pierceable member to maintain
the pierceable member within the chamber. In various
embodiments, the needle may have a longitudinal dimension
and a central axis along the longitudinal dimension. The
interior volume of the pierceable member may be curved 60
concavely relative to the central axis of the needle. In various
embodiments, at least one seal member may be positioned
between the structure and the pierceable member.

A method for equalizing a pressure within a reservoir may
include, but 1s not limited to, providing a structure having a 65
chamber, locating a needle connectable to the reservoir for
allowing fluidic media contained in the reservoir to flow
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through the needle when the needle 1s connected to the res-
ervoir, and locating a pierceable member moveable within the
chamber, where the pierceable member 1s pierceable by the
needle, and where the pierceable member has an interior
volume for containing fluidic media expelled from the reser-
volr before the pierceable member 1s pierced by the needle.

In an embodiment of a system for equalizing pressure, the
system may include, but 1s not limited to, a reservoir, a plug,
and a structure. The reservoir may have a port and an interior
volume for containing fluidic media. The plug may be posi-
tioned relatively offset to the port of the reservoir. The plug
may be for closing the port of the reservoir when the plug 1s in
a closed position. The plug may comprise one of a flapper
valve and a disc valve. The structure may have a chamber 1n
flow communication with the interior volume of the reservorr.
The chamber may allow for collecting tluidic media expelled
from the interior volume of the reservoir through the portin a
case where a pressure diflerence exists between the interior
volume of the reservoir and the chamber before the plug 1s
held 1n the closed position.

The system may further include a first housing portion and
a second housing portion. The first housing portion may be
adapted to be carried by a user. The second housing portion
may be configured to be selectively operatively engaged with
and disengaged from the first housing portion. The reservoir
may be supported by one of the first and second housing
portions. The plug may be positioned to close the port of the
reservoir when the first housing portion and the second hous-
ing portion are operatively engaged. The other of the first and
second housing portions from the one of the first and second
housing portions may have a first surface for moving and
holding the plug 1n the closed position when the first housing
portion and the second housing portion are operatively
engaged.

The system may further include a needle. The needle may
be supported by the other of the first and second housing
portions from the one of the first and second housing portions.
The needle may be for piercing a portion of the reservoir and
entering the interior volume of the reservoir when the first
housing portion and the second housing portion are opera-
tively engaged. The needle may allow for fluidic media con-
tained 1n the interior volume of the reservoir to flow through
the needle when the needle 1s 1n the mterior volume of the
reservoir. In some embodiments, the portion of the reservoir
pierced by the needle when the first housing portion and the
second housing portion are operatively engaged may be the
plug.

The system may further include a membrane configured to
expand to increase the volume of the chamber 1n a case where
the chamber sufliciently fills with fluidic media. The mem-
brane may be an elastomeric membrane. The system may
include one of a hydrophobic filter and a hydrophilic filter.
The chamber may be located within the reservoir. In some
embodiments, the chamber may be located outside of the
reservoir. The structure may have an opening that communi-
cates with the chamber, where the opening may allow for
fluidic media to be purged from the chamber.

A method for equalizing pressure may include, but 1s not
limited to, providing a reservoir having a port and an interior
volume for containing fluidic media, locating a plug posi-
tioned relatively offset to the port of the reservoir, where the
plug allows for closing the port of the reservoir when the plug
1s 1 a closed position, and locating a structure having a
chamber 1n flow commumnication with the interior volume of
the reservoir, where the chamber allows for collecting fluidic
media expelled from the interior volume of the reservoir from
the port 1n a case where a pressure difference exists between
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the interior volume of the reservoir and the chamber before
the plug 1s held 1n the closed position.

In an embodiment of a system for equalizing pressure, the
system may 1nclude, but 1s not limited to, a reservoir and a
plunger head. The reservoir may have a passage and an inte-
rior volume for containing fluidic media. The plunger head
may have a first surface and a second surface. The plunger
head may have a channel connecting the first surface and the
second surface. The plunger head may be moveable within
the reservoir to align the channel 1n the plunger head and the
passage in the reservoir. When the channel 1n the plunger head
and the passage 1n the reservoir are aligned and a pressure
difference exists between the interior volume of the reservoir
and the passage, fluidic media may be expelled from the
interior volume of the reservoir through the passage.

In various embodiments, the interior volume allows for
containing fluidic media. In some embodiments, the reservoir
may have a second interior volume. The plunger head may be
located between the interior volume of the reservoir and the
second 1nterior volume of the reservoir. The first surface of
the plunger head may be 1n contact with fluidic media when
fluidic media 1s 1n the mterior volume of the reservorr.

In various embodiments, the passage in the reservoir and
the channel 1 the plunger head may be aligned at a first
position of the plunger head 1n the reservoir. The plunger head
may be advanceable from the {first position to a second posi-
tion. The passage in the reservoir and the channel in the
plunger head may be disaligned when the plunger head 1s in
the second position.

In various embodiments, the system may further include a
first housing portion and a second housing portion. The first
housing portion may be adapted to be carried by a user. The
second housing portion may be configured to be selectively
operatively engaged with and disengaged from the first hous-
ing portion. The reservoir may be supported by one of the first
and second housing portions.

In various embodiments, the system may further include a
mating piece. The mating piece may be supported by the other
of the first and second housing portions from the one of the
first and second housing portions. The mating piece may be
for closing the passage when the first housing portion and the
second housing portion are operatively engaged. The system
may also include a needle. The needle may be supported by
the other of the first and second housing portions from the one
of the first and second housing portions. The needle may be
for piercing the reservoir and entering the interior volume of
the reservoir when the first housing portion and the second
housing portion are operatively engaged. The needle may be
tor allowing fluidic media contained 1n the interior volume of
the reservoir to tlow through the needle when the needle 1s in
the iterior volume of the reservoir. The plunger head may be
advanceable 1n the reservoir from the first position to the
second position before the first housing portion and the sec-
ond housing portion are operatively engaged. The first surface
of the plunger head and the second surface of the plunger head
may be perpendicular to each other.

In various embodiments, the system may further include a
valve positioned relative to an end of the channel i the
plunger head. The valve may allow for closing the channel in
the plunger head when the valve 1s 1n a closed position. In
some embodiments, the system may include a valve posi-
tioned relative to an end of the passage in the reservoir. The
valve may allow for closing the passage 1n the reservoir when
the valve 1s 1n a closed position.

In various embodiments, the system may further include a
structure. The structure may have a chamber connected to the
passage. The chamber may allow for collecting fluidic media
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that flows through the passage 1n the reservoir. Fluidic media
may flow through the passage when the channel 1n the plunger
head and the passage 1n the reservoir are aligned and a pres-
sure difference exists between the interior volume of the
reservolr and the passage. The structure may include a mem-
brane configured to expand to increase the volume of the
chamber 1n a case where the chamber sufliciently fills with
fluidic media. The membrane may comprise an elastomeric
membrane. The system may include one of a hydrophobic
filter and a hydrophilic filter. The chamber may be located
within the reservoir. In some embodiments, the chamber may
be located outside of the reservoir. The system may further
include at least one seal member positioned between the
plunger head and the reservotr.

A method for equalizing pressure may include, but 1s not
limited to, providing a reservoir having a passage and an
interior volume for containing flmdic media, and locating a
plunger head having a first surface and a second surface,
where the plunger head has a channel connecting the first
surface and the second surface, the plunger head 1s moveable
within the reservoir to align the channel 1n the plunger head
and the passage 1n the reservoir, and when the channel 1n the
plunger head and the passage 1n the reservoir are aligned and
a pressure difference exists between the interior volume of the
reservolr and the passage, fluidic media 1s expelled from the
interior volume of the reservoir through the passage.

A system for equalizing pressure may include, but i1s not
limited to, a mating piece, a needle, a reservoir, and at least
one valve. The needle may be supported by the mating piece.
The reservoir may have an interior volume for containing
fluidic media. The mating piece may be configured to be
selectively operatively engaged with and disengaged from the
reservolr. The reservoir may have a port for allowing fluidic
media to be expelled from the interior volume of the reservoir
betore the reservoir and the mating piece are operatively
engaged. The at least one valve may be positioned relative to
an end of the port. The at least one valve may be for closing
the port when the mating piece and the reservoir are opera-
tively engaged. The needle may be for piercing the at least one
valve and entering the interior volume of the reservoir when
the reservoir and the mating piece are operatively engaged.
The needle may allow for fluidic media contained 1n the
interior volume of the reservoir to flow through the needle
when the needle 1s 1n the interior volume of the reservorr.

In various embodiments, the system may further include a
structure having a chamber connected to the port of the res-
ervoir. The chamber may allow for collecting fluidic media
expelled from the interior volume of the reservoir before the
reservolr and the mating piece are operatively engaged. Flu-
1dic media may be expelled from the interior volume of the
reservolr before the reservoir and the mating piece are opera-
tively engaged in a case where a pressure difference exists
between the reservoir and the chamber. The system may
turther include a membrane configured to expand to increase
the volume of the chamber in a case where the chamber
suificiently fills with fluidic media. The membrane may com-
prise an elastomeric membrane. The system may include one
of a hydrophobic filter and a hydrophilic filter.

In various embodiments, the system may further include a
first housing portion and a second housing portion. The first
housing portion may be adapted to be carried by a user. The
second housing portion may be configured to be selectively
operatively engaged with and disengaged from the first hous-
ing portion. The reservoir may be supported by one of the first
and second housing portions. The mating piece may be sup-
ported by the other of the first and second housing portions
from the one of the first and second housing portions. The
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mating piece and the reservoir may be operatively engaged
when the first housing portion and the second housing portion

are operatively engaged.

In various embodiments, the at least one valve may have a
moveable portion. The moveable portion may be moveable
between an open position and a closed position such that the
at least one valve 1s moveable by the mating piece from the
open position to the closed position to close the port of the
reservolr when the reservoir and the mating piece are opera-
tively engaged. In some embodiments, the moveable portion
ol the at least one valve may be pierceable by the needle when
the reservoir and the mating piece are operatively engaged.

In various embodiments, the at least one valve may be
arranged to be held closed by the mating piece to close the
port of the reservoir when the reservoir and the mating piece
are operatively engaged. In some embodiments, the at least
one valve may comprise one of a flapper valve and a loose
fitting cap. In other embodiments, the at least one valve may
comprise a covering that seals the port of the reservoir. The
covering may have an opemng. The opening may be for
allowing fluidic media to be expelled from the interior vol-
ume of the reservoir betfore the reservoir and the mating piece
are operatively engaged. The covering may have a second
valve positioned relative to an end of the opeming in the
covering. The second valve may be arranged to be held closed
by the mating piece to close the opening 1n the covering when
the reservoir and the mating piece are operatively engaged. In
other embodiments, the needle may be positioned to enter the
opening when the reservoir and the mating piece are opera-
tively engaged.

A method for equalizing pressure may include, but 1s not
limited to, providing a mating piece, locating a needle sup-
ported by the mating piece, locating a reservoir having an
interior volume for containing tluidic media, where the mat-
ing piece 1s configured to be selectively operatively engaged
with and disengaged from the reservoir, and the reservoir has
a port for allowing fluidic media to be expelled from the
interior volume of the reservoir before the reservoir and the
mating piece are operatively engaged, and locating at least
one valve relative to an end of the port, where the at least one
valve allows for closing the port when the mating piece and
the reservoir are operatively engaged. The needle allows for
piercing the at least one valve and entering the interior volume
of the reservoir when the reservoir and the mating piece are
operatively engaged. The needle allows for flmdic media
contained in the interior volume of the reservoir to flow
through the needle when the needle 1s 1n the 1interior volume
of the reservorr.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1llustrates a generalized representation of a system
in accordance with an embodiment of the present invention;

FIG. 2 illustrates an example of a system in accordance
with an embodiment of the present invention;

FIG. 3 1llustrates an example of a delivery device 1n accor-
dance with an embodiment of the present invention;

FIG. 4 1llustrates a delivery device 1in accordance with an
embodiment of the present invention;

FI1G. S A illustrates a durable portion of a delivery device in
accordance with an embodiment of the present invention;

FIG. 5B illustrates a section view of a durable portion of a
delivery device 1n accordance with an embodiment of the
present invention;

FI1G. 5C illustrates a section view of a durable portion of a
delivery device 1n accordance with an embodiment of the
present invention;
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FIG. 6 A 1llustrates a disposable portion of a delivery device
in accordance with an embodiment of the present invention;

FIG. 6B illustrates a section view of a disposable portion of
a delivery device 1n accordance with an embodiment of the
present invention;

FIG. 6C illustrates a section view of a disposable portion of
a delivery device 1n accordance with an embodiment of the
present invention;

FIG. 7A 1llustrates a cross-sectional view of a delivery
device 1 accordance with an embodiment of the present
imnvention;

FIG. 7B 1llustrates a cross-sectional view of a reservoir
assembly 1n accordance with an embodiment of the present
imnvention;

FIG. 7C 1llustrates a cross-sectional view of a reservoir
assembly connected to a base assembly 1n accordance with an
embodiment of the present invention;

FIG. 8A 1llustrates a cross-sectional view of a system for
equalizing pressure 1n a first position 1n accordance with an
embodiment of the present invention;

FIG. 8B illustrates a cross-sectional view of a system for
equalizing pressure 1n a second position 1 accordance with
an embodiment of the present invention;

FIG. 8C illustrates a cross-sectional view of a reservoir 1n
accordance with an embodiment of the present invention;

FIG. 9A 1llustrates a cross-sectional view of a system for
equalizing pressure in accordance with an embodiment of the
present invention;

FIG. 9B illustrates a cross-sectional view of a system for
equalizing pressure in accordance with an embodiment of the
present invention;

FIG. 9C 1illustrates a cross-sectional view of a reservoir 1n
accordance with an embodiment of the present invention;

FIG. 9D 1llustrates a cross-sectional view of a system for
equalizing pressure in accordance with an embodiment of the
present invention;

FIG. 10A 1llustrates a cross-sectional view of a system for
equalizing pressure 1n a first position 1n accordance with an
embodiment of the present invention;

FIG. 10B illustrates a cross-sectional view of a system for
equalizing pressure 1n a second position 1n accordance with
an embodiment of the present invention;

FIG. 10C 1llustrates a cross-sectional view of a reservoir in
accordance with an embodiment of the present invention;

FIG. 11 A 1llustrates a cross-sectional view of a system for
equalizing pressure 1n a first position 1n accordance with an
embodiment of the present invention;

FIG. 11B illustrates a cross-sectional view of a system for
equalizing pressure 1n a second position 1n accordance with
an embodiment of the present invention;

FIG. 12 A 1llustrates a cross-sectional view of a system for
equalizing pressure 1n a first position 1n accordance with an
embodiment of the present invention;

FIG. 12B illustrates a cross-sectional view of a system for
equalizing pressure 1n a second position 1n accordance with
an embodiment of the present invention;

FIG. 12C 1llustrates a cross-sectional view of a reservoir in
accordance with an embodiment of the present invention; and

FIG. 13 illustrates a cross-sectional view of a conventional
pump delivery device.

DETAILED DESCRIPTION OF THE PR.
EMBODIMENTS

L1
]

ERRED

FIG. 1 1llustrates a generalized representation of a system
10 1n accordance with an embodiment of the present inven-
tion. The system 10 includes a delivery device 12. The system
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10 may further include a sensing device 14, a command
control device (CCD) 16, and a computer 18. In various
embodiments, the delivery device 12 and the sensing device
14 may be secured at desired locations on the body 5 of a
patient or user 7. The locations at which the delivery device 12
and the sensing device 14 are secured to the body 3 of the user
7 1n F1G. 1 are provided only as representative, non-limiting,
examples.

The delivery device 12 i1s configured to deliver fluidic
media to the body 3 of the user 7. In various embodiments,
fluidic media 1includes a liqud, a fluid, a gel, or the like. In
some embodiments, fluidic media includes a medicine or a
drug for treating a disease or a medical condition. For
example, fluidic media may include insulin for treating dia-
betes, or may include a drug for treating pain, cancer, a
pulmonary disorder, HIV, or the like. In some embodiments,
fluidic media includes a nutritional supplement, a dye, a trac-
ing medium, a saline medium, a hydration medium, or the
like.

The sensing device 14 includes a sensor, a monitor, or the
like, for providing sensor data or monitor data. In various
embodiments, the sensing device 14 may be configured to
sense a condition of the user 7. For example, the sensing
device 14 may include electronics and enzymes reactive to a
biological condition, such as a blood glucose level, or the like,
of the user 7. In various embodiments, the sensing device 14
may be secured to the body 5 of the user 7 or embedded in the
body 5 of the user 7 at a location that 1s remote from the
location at which the delivery device 12 1s secured to the body
5 of the user 7. In various other embodiments, the sensing
device 14 may be incorporated within the delivery device 12.

Each of the delivery device 12, the sensing device 14, the
CCD 16, and the computer 18 may include transmuitter,
recetrver, or transceiver electronics that allow for communi-
cation with other components of the system 10. The sensing
device 14 may be configured to transmit sensor data or moni-
tor data to the delivery device 12. The sensing device 14 may
also be configured to communicate with the CCD 16. The
delivery device 12 may include electronics and software that
are configured to analyze sensor data and to deliver fluidic
media to the body 5 of the user 7 based on the sensor data
and/or preprogrammed delivery routines.

The CCD 16 and the computer 18 may include electronics
and other components configured to perform processing,
delivery routine storage, and to control the delivery device 12.
By including control functions 1 the CCD 16 and/or the
computer 18, the delivery device 12 may be made with more
simplified electronics. However, in some embodiments, the
delivery device 12 may include all control functions, and may
operate without the CCD 16 and the computer 18. In various
embodiments, the CCD 16 may be a portable electronic
device. Also, 1n various embodiments, the delivery device 12
and/or the sensing device 14 may be configured to transmit
data to the CCD 16 and/or the computer 18 for display or
processing of the data by the CCD 16 and/or the computer 18.
Examples of the types of communications and/or control
capabilities, as well as device feature sets and/or program
options may be found in the following references: (1) U.S.
patent application Ser. No. 10/445,477, filed May 27, 2003,
entitled “External Infusion Device with Remote Program-
ming, Bolus Estimator and/or Vibration Alarm Capabilities™;

(11) U.S. patent application Ser. No. 10/429,385, filed May 3,
2003, entitled “Handheld Personal Data Assistant (PDA) with
a Medical Device and Method of Using the Same™; and (111)
U.S. patent application Ser. No. 09/813,660, filed Mar. 21,

10

15

20

25

30

35

40

45

50

55

60

65

10

2001, entitled “Control Tabs for Infusion Devices and Meth-
ods of Using the Same™, all of which are incorporated herein
by reference 1n their entirety.

FIG. 2 illustrates an example of the system 10 in accor-
dance with an embodiment of the present mvention. The
system 10 1n accordance with the embodiment illustrated 1n
FIG. 2 includes the delivery device 12 and the sensing device
14. The delivery device 12 1n accordance with an embodiment
of the present ivention mcludes a disposable housing 20, a
durable housing 30, and areservoir 40. The delivery device 12
may further include an infusion path 50.

Elements of the delivery device 12 that ordinarily contact
the body of a user or that ordinarily contact tluidic media
during operation of the delivery device 12 may be considered
as a disposable portion of the delivery device 12. For
example, a disposable portion of the delivery device 12 may
include the disposable housing 20 and the reservoir 40. The
disposable portion of the delivery device 12 may be recom-
mended for disposal after a specified number of uses.

On the other hand, elements of the delivery device 12 that
do not ordinarily contact the body of the user or flmdic media
during operation of the delivery device 12 may be considered
as a durable portion of the delivery device 12. For example, a
durable portion of the delivery device 12 may include the
durable housing 30, electronics (not shown in FIG. 2), a drive
device having a motor and drive linkage (not shown 1n FIG.
2), and the like. Elements of the durable housing portion of
the delivery device 12 are typically not contaminated from
contact with the user or fluidic media during normal operation
of the delivery device 12 and, thus, may be retained for re-use
with replaced disposable portions of the delivery device 12.

In various embodiments, the disposable housing 20 sup-
ports the reservoir 40 and has a bottom surface (facing down-
ward and 1nto the page in FI1G. 2) that 1s configured to secure
to the body of a user. An adhesive may be employed at an
interface between the bottom surface of the disposable hous-
ing 20 and the skin of a user, so as to adhere the disposable
housing 20 to the skin of the user. In various embodiments,
the adhesive may be provided on the bottom surface of the
disposable housing 20, with a peelable cover layer covering
the adhesive matenial. In this manner, the cover layer may be
peeled off to expose the adhesive material, and the adhesive
side of the disposable housing 20 may be placed against the
skin of the user.

The reservoir 40 1s configured for containing or holding
flmidic media, such as, but not limited to insulin. In various
embodiments, the reservoir 40 includes a hollow interior
volume for recerving fluidic media, such as, butnot limited to,
a cylinder-shaped volume, a tubular-shaped volume, or the
like. In some embodiments, the reservoir 40 may be provided
as a cartridge or camster for containing fluidic media. In
various embodiments, the reservoir 40 i1s able to be refilled
with fluidic media. In further embodiments, the reservoir 40 1s
pre-filled with fluidic media.

The reservoir 40 may be supported by the disposable hous-
ing 20 1n any suitable manner. For example, the disposable
housing 20 may be provided with projections or struts (not
shown), or a trough feature (not shown), for holding the
reservolr 40. In some embodiments, the reservoir 40 may be
supported by the disposable housing 20 1n a manner that
allows the reservoir 40 to be removed from the disposable
housing 20 and replaced with another reservoir. Alternatively,
or 1n addition, the reservoir 40 may be secured to the dispos-
able housing 20 by a suitable adhesive, a strap, or other
coupling structure.

In various embodiments, the reservoir 40 includes a port 41
tor allowing fluidic media to tflow 1nto and/or tlow out of the
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interior volume of the reservoir 40. In some embodiments, the
infusion path 50 includes a connector 56, a tube 34, and a
needle apparatus 52. The connector 56 of the infusion path 50
may be connectable to the port 41 of the reservoir 40. In
various embodiments, the disposable housing 20 1s config-
ured with an opening near the port 41 of the reservoir 40 for
allowing the connector 56 of the infusion path 50 to be selec-
tively connected to and disconnected from the port 41 of the
reservoir 40.

In various embodiments, the port 41 of the reservoir 40 1s
covered with or supports a septum (not shown in FI1G. 2), such
as a self-sealing septum, or the like. The septum may be
configured to prevent fluidic media from flowing out of the
reservoir 40 through the port 41 when the septum 1s not
pierced. Also, 1 various embodiments, the connector 56 of
the imnfusion path 50 includes a needle for piercing the septum
covering the port 41 of the reservoir 40 so as to allow fluidic
media to flow out of the mterior volume of the reservoir 40.
Examples of needle/septum connectors can be found 1n U.S.
patent application Ser. No. 10/328,393, filed Dec. 22, 2003,
entitled “Reservoir Connector’”, which 1s incorporated herein
by reference in 1ts entirety. In other alternatives, non-septum
connectors such as Luer locks, or the like may be used. In
various embodiments, the needle apparatus 52 of the infusion
path 50 includes a needle that 1s able to puncture the skin of a
user. Also, 1n various embodiments, the tube 54 connects the
connector 56 with the needle apparatus 52 and 1s hollow, such
that the infusion path 30 1s able to provide a path to allow for
the delivery of fluidic media from the reservoir 40 to the body
ol a user.

The durable housing 30 of the delivery device 12 1n accor-
dance with various embodiments of the present invention
includes a housing shell configured to mate with and secure to
the disposable housing 20. The durable housing 30 and the
disposable housing 20 may be provided with correspondingly
shaped grooves, notches, tabs, or other suitable features, that
allow the two parts to easily connect together, by manually
pressing the two housings together, by twist or threaded con-
nection, or other suitable manner of connecting the parts that
1s well known 1n the mechanical arts. In various embodi-
ments, the durable housing 30 and the disposable housing 20
may be connected to each other using a twist action. The
durable housing 30 and the disposable housing 20 may be
configured to be separable from each other when a suflicient
force 1s applied to disconnect the two housings from each
other. For example, 1n some embodiments the disposable
housing 20 and the durable housing 30 may be snapped
together by friction fitting. In various embodiments, a suitable
seal, such as an o-ring seal, may be placed along a peripheral
edge of the durable housing 30 and/or the disposable housing
20, so as to provide a seal against water entering between the
durable housing 30 and the disposable housing 20.

The durable housing 30 of the delivery device 12 may
support a drive device (not shown in FIG. 2), including a
motor and a drive device linkage portion, for applying a force
to fluidic media within the reservoir 40 to force fluidic media
out of the reservoir 40 and into an infusion path, such as the
infusion path 50, for delivery to a user. For example, 1n some
embodiments, an electrically driven motor may be mounted
within the durable housing 30 with appropnate linkage for
operatively coupling the motor to aplunger arm (not shown 1n
FIG. 2) connected to a plunger head (not shown 1in FI1G. 2) that
1s within the reservoir 40 and to drive the plunger head 1n a
direction to force tluidic media out of the port 41 of the
reservoir 40 and to the user. Also, in some embodiments, the
motor may be controllable to reverse direction so as to move
the plunger arm and the plunger head to cause fluid to be
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drawn 1nto the reservoir 40 from a patient. The motor may be
arranged within the durable housing 30 and the reservoir 40
may be correspondingly arranged on the disposable housing
20, such that the operable engagement of the motor with the
plunger head, through the appropriate linkage, occurs auto-
matically upon the user connecting the durable housing 30
with the disposable housing 20 of the delivery device 12.

Further examples of linkage and control structures may be
found 1 U.S. patent application Ser. No. 09/813,660, filed

Mar. 21, 2001, entitled “Control Tabs for Infusion Devices
and Methods of Using the Same”, which 1s incorporated
herein by reference 1n 1ts entirety.

In various embodiments, the durable housing 30 and the
disposable housing 20 may be made of suitably rigid materi-
als that maintain their shape, yet provide suificient flexibility
and resilience to effectively connect together and disconnect,
as described above. The material of the disposable housing 20
may be selected for suitable compatibility with skin. For
example, the disposable housing 20 and the durable housing
30 of the delivery device 12 may be made of any suitable
plastic, metal, composite material, or the like. The disposable
housing 20 may be made of the same type of material or a
different material relative to the durable housing 30. In some
embodiments, the disposable housing 20 and the durable
housing 30 may be manufactured by injection molding or
other molding processes, machining processes, or combina-
tions thereof.

For example, the disposable housing 20 may be made of a
relatively flexible matenal, such as a flexible silicone, plastic,
rubber, synthetic rubber, or the like. By forming the dispos-
able housing 20 of a material capable of flexing with the skin
of a user, a greater level of user comfort may be achieved
when the disposable housing 20 is secured to the skin of the
user. Also, a flexible disposable housing 20 may result in an
increase 1n site options on the body of the user at which the
disposable housing 20 may be secured.

In the embodiment i1llustrated 1n FI1G. 2, the delivery device
12 1s connected to the sensing device 14 through a connection
clement 16 of the sensing device 14. The sensing device 14
may include a sensor 15 that includes any suitable biological
or environmental sensing device, depending upon a nature of
a treatment to be administered by the delivery device 12. For
example, 1 the context of delivering insulin to a diabetes
patient, the sensor 15 may include a blood glucose sensor, or
the like.

The sensor 15 may be an external sensor that secures to the
skin of a user or, 1n other embodiments, may be an implant-
able sensor that 1s located 1n an implant site within the body of
the user. In further alternatives, the sensor may be included
with as a part or along side the infusion cannula and/or needle,
such as for example as shown 1n U.S. patent application Ser.
No. 11/149,119, filed Jun. 8, 2005, entitled “Dual Insertion
Set”, which 1s incorporated herein by reference 1n 1ts entirety.
In the illustrated example of FIG. 2, the sensor 15 1s an
external sensor having a disposable needle pad that includes
a needle for piercing the skin of the user and enzymes and/or
clectronics reactive to a biological condition, such as blood
glucose level or the like, of the user. In this manner, the
delivery device 12 may be provided with sensor data from the
sensor 15 secured to the user at a site remote from the location
at which the delivery device 12 1s secured to the user.

While the embodiment shown in FIG. 2 includes a sensor
15 connected by the connection element 16 for providing
sensor data to sensor electronics (not shown in FIG. 2) located
within the durable housing 30 of the delivery device 12, other
embodiments may employ a sensor 15 located within the
delivery device 12. Yet other embodiments may employ a
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sensor 15 having a transmitter for communicating sensor data
by a wireless communication link with recerver electronics
(not shown 1n FI1G. 2) located within the durable housing 30 of
the delivery device 12. In various embodiments, a wireless
connection between the sensor 15 and the receiver electronics
within the durable housing 30 of the delivery device 12 may
include a radio frequency (RF) connection, an optical con-
nection, or another suitable wireless communication link.
Further embodiments need not employ the sensing device 14
and, 1nstead, may provide fluidic media delivery functions
without the use of sensor data.

As described above, by separating disposable elements of
the delivery device 12 from durable elements, the disposable
clements may be arranged on the disposable housing 20,
while durable elements may be arranged within a separable
durable housing 30. In this regard, after a prescribed number
of uses of the delivery device 12, the disposable housing 20
may be separated from the durable housing 30, so that the
disposable housing 20 may be disposed of in a proper manner.
The durable housing 30 may then be mated with a new (un-
used) disposable housing 20 for further delivery operation
with a user.

FIG. 3 illustrates an example of the delivery device 12 in
accordance with another embodiment of the present mven-
tion. The delivery device 12 of the embodiment of FIG. 3 1s
similar to the delivery device 12 of the embodiment of FIG. 2.
While the delivery device 12 in the embodiment illustrated 1n
FIG. 2 provides for the durable housing 30 to cover the
reservoir 40, the delivery device 12 1in the embodiment of
FIG. 3 provides for the durable housing 30 to secure to the
disposable housing 20 without covering the reservoir 40. The
delivery device 12 of the embodiment illustrated in FIG. 3
includes the disposable housing 20, and the disposable hous-
ing 20 1n accordance with the embodiment 1llustrated in FIG.
3 includes a base 21 and a reservoir retaining portion 24. In
one embodiment, the base 21 and reservoir retaining portion
24 may be formed as a single, unitary structure.

The base 21 of the disposable housing 20 1s configured to
be secured to the body of a user. The reservoir retaining,
portion 24 of the disposable housing 20 1s configured to house
the reservoir 40. The reservoir retaining portion 24 of the
disposable housing 20 may be configured to have an opening
to allow for the port 41 of the reservoir 40 to be accessed from
outside of the reservoir retaining portion 24 while the reser-
voir 40 1s housed in the reservoir retaining portion 24. The
durable housing 30 may be configured to be attachable to and
detachable from the base 21 of the disposable housing 20. The
delivery device 12 1n the embodiment 1illustrated in FIG. 3
includes a plunger arm 60 that 1s connected to or that is
connectable to a plunger head (not shown 1n FIG. 3) within
the reservoir 40.

FI1G. 4 1llustrates another view of the delivery device 12 of
the embodiment of FIG. 3. The delivery device 12 of the
embodiment illustrated i FIG. 4 includes the disposable
housing 20, the durable housing 30, and the intusion path 50.
The disposable housing 20 i1n the embodiment of FIG. 4
includes the base 21, the reservoir retaining portion 24, and a
peelable cover layer 25. The peelable cover layer 25 may
cover an adhesive material on the bottom surface 22 of the
base 21. The peelable cover layer 25 may be configured to be
peelable by a user to expose the adhesive material on the
bottom surface 22 of the base 21. In some embodiments, there
may be multiple adhesive layers on the bottom surface 22 of
the base 21 that are separated by peelable layers.

The infusion path 50 1n accordance with the embodiment
of the present invention illustrated 1in FIG. 4 includes the
needle 58 rather than the connector 56, the tube 54, and the
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needle apparatus 52 as shown 1n the embodiment of FIG. 2.
The base 21 of the disposable housing 20 may be provided
with an opening or pierceable wall 1n alignment with a tip of
the needle 58, to allow the needle 58 to pass through the base
21 and into the skin of a user under the base 21, when
extended. In this manner, the needle 58 may be used to pierce
the skin of the user and deliver fluidic media to the user.

Alternatively, the needle 58 may be extended through a
hollow cannula (not shown in FIG. 4), such that upon piercing
the skin of the user with the needle 58, an end of the hollow
cannula 1s guided through the skin of the user by the needle
58. Thereafter, the needle 58 may be removed, leaving the
hollow cannula 1n place, with one end of the cannula located
within the body of the user and the other end of the cannula 1n
fluid tflow connection with fluidic media within the reservoir
40, to convey pumped infusion media from the reservoir 40 to
the body of the user.

FIG. 5A 1illustrates a durable portion 8 of the delivery
device 12 (refer to FI1G. 3) 1n accordance with an embodiment
of the present invention. FIG. 5B illustrates a section view of
the durable portion 8 1n accordance with an embodiment of
the present invention. FIG. SC 1llustrates another section view
of the durable portion 8 in accordance with an embodiment of
the present invention. With reference to FIGS. 5A, 3B, and
5C, 1n various embodiments, the durable portion 8 includes
the durable housing 30, and a drive device 80. The drive
device 80 includes a motor 84 and a drive device linkage
portion 82. In various embodiments, the durable housing 30
may include an interior volume for housing the motor 84, the
drive device linkage portion 82, other electronic circuitry, and
apower source (not shown 1n FIGS. 5A, 3B, and 5C). Also, 1n
various embodiments, the durable housing 30 1s configured
with an opening 32 for receiving a plunger arm 60 (refer to
FIG. 3). Also, 1n various embodiments, the durable housing
30 may include one or more connection members 34, such as
tabs, msertion holes, or the like, for connecting with the base
21 of the disposable housing 20 (refer to FIG. 3).

FIG. 6 A illustrates a disposable portion 9 of the delivery
device 12 (refer to FI1G. 3) 1n accordance with an embodiment
ol the present mnvention. FIG. 6B illustrates a section view of
the disposable portion 9 1n accordance with an embodiment
of the present mvention. FIG. 6C illustrates another section
view of the disposable portion 9 in accordance with an
embodiment of the present invention. With reference to FIGS.
6A, 6B, and 6C, in various embodiments, the disposable
portion 9 includes the disposable housing 20, the reservoir 40,
the plunger arm 60, and a plunger head 70. In some embodi-
ments, the disposable housing 20 includes the base 21 and the
reservolr retaining portion 24. In various embodiments, the
base 21 1includes a top surface 23 having one or more connec-
tion members 26, such as tabs, grooves, or the like, for allow-
ing connections with the one or more connection members 34
of embodiments of the durable housing 30 (refer to FIG. 5B).

In various embodiments, the reservoir 40 1s housed within
the reservoir retaining portion 24 of the disposable housing
20, and the reservoir 40 1s configured to hold fluidic media.
Also, 1n various embodiments, the plunger head 70 1s dis-
posed at least partially within the reservoir 40 and 1s moveable
within the reservoir 40 to allow fluidic media to fill into the
reservolr 40 and to force fluidic media out of the reservoir 40.
In some embodiments, the plunger arm 60 1s connected to or
1s connectable to the plunger head 70. Also, 1n some embodi-
ments, a portion of the plunger arm 60 extends to outside of
the reservoir retaining portion 24 of the disposable housing
20. In various embodiments, the plunger arm 60 has a mating
portion for mating with the drive device linkage portion 82 of

the drive device 80 (refer to FIG. 5C). With reference to FIGS.
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5C and 6C, 1n some embodiments, the durable housing 30
may be snap fitted onto the disposable housing 20, whereupon
the drive device linkage portion 82 automatically engages the
mating portion of the plunger arm 60.

When the durable housing 30 and the disposable housing
20 are fitted together with the drive device linkage portion 82
engaging or mating with the plunger arm 60, the motor 84
may be controlled to drive the drive device linkage portion 82
and, thus, move the plunger arm 60 to cause the plunger head
70 to move within the reservoir 40. When the interior volume
of the reservoir 40 1s filled with fluidic media and an infusion
path s provided from the reservoir 40 to the body of a user, the
plunger head 70 may be moved within the reservoir 40 to
torce tfluidic media from the reservoir 40 and 1nto the infusion
path, so as to delwver fluidic media to the body of the user.

In various embodiments, once the reservoir 40 has been
suificiently emptied or otherwise requires replacement, a user
may simply remove the durable housing 30 from the dispos-
able housing 20, and replace the disposable portion 9, includ-
ing the reservoir 40, with a new disposable portion having a
new reservolr. The durable housing 30 may be connected to
the new disposable housing of the new disposable portion,
and the delivery device including the new disposable portion
may be secured to the skin of a user. In various other embodi-
ments, rather than replacing the entire disposable portion 9
every time the reservoir 40 1s emptied, the reservoir 40 may be
refilled with fluidic media. In some embodiments, the reser-
volr 40 may be refilled while remaining within the reservoir
retaiming portion 24 (refer to FIG. 6B) of the disposable
housing 20. Also, 1n various embodiments, the reservoir 40
may be replaced with a new reservoir (not shown), while the
disposable housing 20 may be re-used with the new reservorr.
In such embodiments, the new reservoir may be inserted into
the disposable portion 9.

With reference to FIGS. 3, 5A, 6B, and 6C, in various
embodiments, the delivery device 12 includes reservoir status
circuitry (not shown), and the reservoir 40 includes reservoir
circuitry (not shown). In various embodiments, the reservoir
circuitry stores information such as, but not limited to, at least
one of (1) an 1dentification string 1dentifying the reservoir 40;
(11) a manufacturer of the reservoir 40; (111) contents of the
reservolr 40; and (1v) an amount of contents 1n the reservoir
40. In some embodiments, the delivery device 12 includes the
reservoir status circuitry (not shown), and the reservoir status
circuitry 1s configured to read data from the reservoir circuitry
when the reservoir 40 1s inserted into the disposable portion 9.

In various embodiments, the reservoir status circuitry 1s
turther configured to store data to the reservoir circuitry after
at least some of the contents of the reservoir 40 have been
transierred out of the reservoir 40, so as to update information
in the reservoir circuitry related to an amount of contents still
remaining in the reservoir 40. In some embodiments, the
reservolr status circuitry 1s configured to store data to the
reservolr circuitry, so as to update information in the reservoir
circuitry related to an amount of contents still remaining 1n
the reservoir 40, when the reservoir 40 1s inserted into the
disposable portion 9. In some embodiments, the delivery
device 12 includes the reservoir status circuitry (not shown)
and the reservoir 40 includes the reservoir circuitry (not
shown), and the reservoir status circuitry selectively inhibits
use of the delivery device 12 or selectively provides a warning,
signal based on information read by the reservoir status cir-
cuitry from the reservoir circuitry.

FIG. 7A illustrates a cross-sectional view of a delivery
device 100 1n accordance with an embodiment of the present
invention. The delivery device 100 may include, but not lim-
ited to, a reservoir assembly 102 and a base assembly 104.
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The reservoir assembly 102 and the base assembly 104 may
be configured to be connected to and disconnected from one
another by the user. The base assembly 104, which may be
adapted to be carried by the user, may include a fluid path 190
for recerving fluidic media from the reservoir assembly 102.
The base assembly 104 may also include a subcutaneous
cannula 194 or catheter having a needle path 192 to allow an
injection needle (not shown) to pierce the skin of the user and
allow fluidic media to tflow into the body of a patient.

FIG. 7B 1llustrates a cross-sectional view of the reservoir
assembly 102 1n accordance with an embodiment of the
present invention. With reference to FIGS. 7A and 7B, the
reservoir assembly 102 may include a reservoir 110 and a first
structure 170 having a chamber 175. The reservoir 110 may
contain fluidic media, such as, but not limited to, insulin or the
like. The first structure 170 may include a needle 130 and a
pierceable member 140. The needle 130 may be connected to
the reservoir 110 for allowing flmidic media contained 1n the
reservolr 110 to tlow through the needle 130 when the needle
130 15 connected to the reservoir 110. The needle 130 may
have a longitudinal dimension and a central axis along the
longitudinal dimension of the needle 130.

The pierceable member 140 may be located within the
chamber 175. The pierceable member 140 may be moveable
within the chamber 175 along the longitudinal dimension of
the needle 130. The pierceable member 140 may have an
interior volume 172 for containing tluidic media expelled
from the reservoir 110 before the pierceable member 140 1s
pierced by the needle 130. In some embodiments of the
present invention, the interior volume 172 of the pierceable
member 140 may be for containing tfluidic media that flows
through the needle 130 from the reservoir 110 before the
pierceable member 140 1s pierced by the needle 130.

In some embodiments of the present invention, the pierce-
able member 140 may have a cross-section that 1s U-shaped.
In some embodiments of the present invention, the pierceable
member 140 may be made of a resealable material. Thus
when the user disconnects the reservoir assembly 102 from
the base assembly 104, for example to replace an empty
reservolr with a new reservoir, the needle 130 1s retracted or
otherwise removed from the pierceable member 140 and the
pierceable member 140 1s resealed. As a result, fluidic media
contained in the iterior volume 172 of the pierceable mem-
ber 140 may continue to be contained within the interior
volume 172 of the pierceable member 140. Once the new
reservolr 1s installed, the interior volume 172 of the pierceable
member 140 may be used to contain fluidic media expelled
from the new reservoir before the needle 130 again pierces the
pierceable member 140.

Flmdic media may be expelled from the reservoir 110
betore the pierceable member 140 1s pierced by the needle
130 when a pressure difference exists between the reservoir
110 and the chamber 175. This may be due to an external
influence such as an altitude or a temperature change or
imperfect alignment of a plunger shaft 723 (refer to FIG. 13)
and a driveshait 772 (refer to FIG. 13). In such a case, fluidic
media may flow or bolus from the reservoir 110 into the
interior volume 172 of the pierceable member 140 until pres-
sure 1n the reservoir 110 has been sufliciently equalized rela-
tive to pressure in the chamber 175. Thus, preventing the user
from 1madvertently being administered tluidic media, which
could harm the user. Once pressure has been suiliciently
equalized, fluidic media may be inhibited from flowing
through the needle 130 until directed by the delivery device,
for example, to satisiy the need of the user. In some embodi-
ments, fluidic media may be expelled from the reservoir 110
betore the pierceable member 140 1s pierced by the needle
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130 1n a case where a pressure difference exists between the
reservolr 110 and the interior volume 172 of the pierceable
member 140.

The pierceable member 140 may have a firstend 141 and a
second end 142 on an opposite side of the pierceable member
140 from the first end 141. The pierceable member 140 may
be positioned 1n the chamber 175 relative to the needle 130 so
that the needle 130 can pierce the pierceable member 140
when the user connects the reservoir assembly 102 with the
base assembly 104. Connecting the reservoir assembly 102
with the base assembly 104 may cause the base assembly 104
to push against the first end 141 of the pierceable member
140. As aresult, the pierceable member 140 1s pushed against
the needle 130 causing the needle 130 to pierce through the
pierceable member 140. The needle 130 may be positioned to
pierce through the pierceable member 140 and enter the fluid
path 190 of the base assembly 104 when the user connects the
reservolr assembly 102 with the base assembly 104. In some
embodiments, an end of the needle 130 may be located at least
substantially within the interior volume 172 of the pierceable
member 140 before the needle 130 pierces the pierceable
member 140. This may help ensure that fluidic media that
flows through the needle 130 before piercing the pierceable
member 140 1s collected 1n the mterior volume 172 of the
pierceable member 140.

In some embodiments of the present invention, the cham-
ber 175 may include a first chamber 174. The first chamber
174 may be adjacent to the second end 142 of the pierceable
member 140. In other embodiments of the present invention,
the first chamber 174 may be located between the pierceable
member 140 and the reservoir 110. The first chamber 174 may
contain fluidic media that flows out, or otherwise escapes,
from the interior volume 172 of the pierceable member 140.
For example, this could occur 1n a case where a volume of
fluidic media expelled from the reservoir 110 exceeds a
capacity of the interior volume 172 of the pierceable member
140. The excess tluidic media could then flow into the first
chamber 174 and be contained therein. As a further example,
fluidic media could escape from the interior volume 172 of
the pierceable member 140 in a case where tluidic media
enters the interior volume 172 too quickly causing fluidic
media to tlow out of the interior volume 172 1nto the first
chamber 174.

In further embodiments of the present invention, the cham-
ber 175 may include a second chamber 176. The second
chamber 176 may be located on an opposite side of the pierce-
able member 140 from the first chamber 174, such as adjacent
to the first end 141 of the pierceable member 140. The pierce-
able member 140 may be located between the first chamber
174 and the second chamber 176. The second chamber 176
may contain fluidic media that flows out, or otherwise
escapes, from the first chamber 174. For example, this could
occur 1n a case where the first chamber 174 fills with flmdic
media. The excess fluidic media could then flow between the
pierceable member 140 and the structure 170 into the second
chamber 176. As a further example, fluidic media could
escape from the first chamber 174 1n a case where fludic
media enters the first chamber 174 too quickly causing fluidic
media to tlow out of the first chamber 174 into the second
chamber 176. In yet further embodiments of the present
invention, the pierceable member 140 may include a seal
member 144 around the pierceable member 140. The seal
member 144, for example, may aid 1in inhibiting fluidic media
in the second chamber 176 from flowing back into the first
chamber 174. In some embodiments, the seal member 144
may be an annular ring that encircles the pierceable member

140.
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In yet further embodiments of the present invention, the
structure 170 may include an opening 171 in flow communi-
cation with the chamber 175. The opening 171 may be for
purging tluidic media that flows out, or otherwise escapes,
from the interior volume 172 of the pierceable member 140.
For example, this could occur 1n a case where a volume of
fluidic media expelled from the reservoir 110 exceeds the
capacity of the interior volume 172 of the pierceable member
140. The excess tluidic media may then tlow 1nto the chamber
175 and flow out the opening 171 of the structure 170.

In some embodiments of the present invention, the pierce-
able member 160 may include a membrane wall 152, which
may comprise an elastomeric material, or the like. The mem-
brane wall 152 may be configured to expand 152' to increase
the volume of the interior volume 172 of the pierceable mem-
ber 140 1n a case where the interior volume 172 of the pierce-
able member 140 suificiently fills with fluidic media. This
may be usetul 1n a case where the 1interior volume 172 of the
pierceable member 140 1s not sufficiently large enough to
contain fluidic media expelled from the reservoir 110. The
membrane wall 152 may be for inhibiting fluidic media con-
tained 1n the interior volume 172 of the pierceable member
140 from flowing out of or otherwise escaping from the
interior volume 172 of the pierceable member 140. The mem-
brane wall 152 may also be configured to allow for pressure
equalization across 1t through the use of a hydrophobic or
hydrophilic filter or similar material.

With reference to FIGS. 7B and 7C, 1in some embodiments
of the present invention, the reservoir assembly 102 may
include a bias member 160. The bias member 160 may be
arranged to impart a bias force on the pierceable member 140
as, for instance, the base assembly 104 is pushed against the
first end 141 of the pierceable member 140 when the user
connects the reservoir assembly 102 with the base assembly
104. As a result, the pierceable member 140 can be moved
from a first position 191 to a second position 191'. Addition-
ally, the pierceable member 140 may be moved to various
positions between the first position 191 and the second posi-
tion 191', as well as positions beyond the second position
191'. In some embodiments of the present invention, the bias
member 160 may be, but 1s not limited to, a spring or the like.

In further embodiments of the present vention, the
pierceable member 140 may have a resiliently tlexible portion
(not shown) for providing a bias force on the pierceable
member 140. In various embodiments, the bias function may
be integral to the pierceable member 140, a function of the
resiliently tlexible portion (not shown), which may be made
ol a material such as rubber, or the like. The flexible portion
(not shown) may, for example, compress allowing the pierce-
able member 140 to move within the chamber 175 from the
first position 191 to the second position 191' when the user
connects the base assembly 104 with the reservoir assembly
102 and uncompress when the user disconnects the base
assembly 104 and the reservoir assembly 102 returning the
pierceable member 140 to the first position 191.

In alternative embodiments, the needle 130 may be sup-
ported by the base assembly 104 and positioned to pierce the
pierceable member 140 and enter the reservoir 110. The inte-
rior volume 172 of the pierceable member 140 may contain
fluidic media expelled from the reservoir 110 before the
pierceable member 140 1s pierced by the needle 130.

In some embodiments of the present invention, the interior
volume 172 of the pierceable member 140 may be curved
concavely relative to the central axis of the needle 130. This
may increase the capacity of the interior volume 172 of the
pierceable member 140 to hold more fluidic media. Further-
more, this may allow more fluidic media to be contained
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within the iterior volume 172 of the pierceable member 140
when the reservoir assembly 102 1s orientated on 1ts side, for
example, when the central axis of the needle 130 1s parallel to
an ifusion site (not shown) as may be a case in FIGS. 7A-7C.
In further embodiments of the present invention, the system
100 may include a seal member, such as an o-ring 150 or the
like located between the structure 170 and the pierceable
member 140 to facilitate movement of the pierceable member
140 within the chamber 175. In some embodiments, the
o-ring 150 may substantially prevent fluidic media from tlow-
ing between the pierceable member 140 and the structure 170.

FI1G. 7C 1llustrates a cross-sectional view of the reservoir
assembly 102 connected to the base assembly 104 in accor-
dance with an embodiment of the present invention. Once
pressure 1n the reservoir 110 has been suiliciently equalized,
the user may connect the reservoir assembly 102 with the base
assembly 104. When the user connects the reservoir assembly
102 and the base assembly 104, the base assembly 104 1s
pushed against the first end 141 of the pierceable member
140. This forces the pierceable member 140 against the bias
member 160 and moves the pierceable member 140 from the
first position 191 (refer to FIG. 7B) to the second position 191°
causing the needle 130 to pierce through the pierceable mem-
ber 140 and enter the fluid path 190 of the base assembly 104.
As a result, fluidic media can flow from the reservoir 110
through the needle 130 into the fluid path 190 and into the user
by way of the needle path 192 and cannula 194 (refer to FIG.
7A) as required by the user.

Fluidic media expelled from the reservoir 110 and col-
lected 1n the mterior volume 172 of the pierceable member
140 before the needle 130 pierces the pierceable member 140
may remain in the interior volume 172 of the pierceable
member 140. In other embodiments, fluidic media expelled
from the reservoir 110 before the needle 130 pierces the
pierceable member 140 may remain in at least one of the
interior volume 172 of the pierceable member 140, the first
chamber 174, or the second chamber 176.

FIG. 8 A 1illustrates a cross-sectional view of a system 200
for equalizing pressure 1n a first position in accordance with
an embodiment of the present invention. The system 200 may
include, but 1s not limited to, a reservoir assembly 202 and a
base assembly 204. The reservoir assembly 202 may include
a reservoir 210 having a port 212 and a septum 214, a plug
240, and a structure 2355 having a chamber 250. The base
assembly 204, which may be adapted to be carried by the user,
may include aneedle 230. The needle 230 may be for piercing
the septum 214 of the reservoir 210 when the user connects
the base assembly 204 with the reservoir assembly 202. The
needle 230 may be for allowing tluidic media contained 1n the
reservolr 210 to flow through the needle 230 into the base
assembly 204 when the needle 230 1s connected to the reser-
voir 210 when, for example, the needle 230 pierces the sep-
tum 214 and enters the reservoir 210.

The reservoir 210 may have an mterior volume 215 for
containing fluidic media, such as, but not limited to, msulin.
The port 212 of the reservoir 210 may be for allowing fluidic
media to be expelled from the reservoir 210 1n a case where a
pressure difference exists between the interior volume 215 of
the reservoir 210 and the chamber 250. As discussed, this
could be due, but 1s not limited to, an external influence such
as an altitude or a temperature change or imperiect alignment
of a plunger shaft 225 and a driveshait 272 when the reservoir
210 1s mnstalled 1nto the delivery device.

The plug 240 may be positioned relatively offset to the port
212 of the reservoir 210. The plug 240 may be for closing the
port 212 of the reservoir 210 when the plug 240 1s 1n a closed
position. For example, when the user connects the reservoir
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assembly 202 and the base assembly together 204, the base
assembly 204 forces the plug 240 1nto or over the port 212 of
the reservoir 210 to close the port 212, thus preventing fluidic
media 1n the iterior volume 2135 of the reservoir 210 from
flowing out the port 212 of the reservoir 210. The plug 240
may be, but 1s not limited to, a flapper valve, a disc valve, or
the like.

The chamber 250 of the structure 2355 may be connected to
the reservoir 210. The chamber 250 may be for collecting
fluidic media expelled from the interior volume 2135 of the
reservolr 210 1n a case where a pressure difierence exists
between the interior volume 215 of the reservoir 210 and the
chamber 250. As shown 1n FIG. 8A, the plug 240 in1tially may
be 1n an open position so that the port 212 1s at least partially
unobstructed so that fluidic media can tlow freely or bolus
through the port 212 into the chamber 250 1n a case where a
pressure difference exists between the interior volume 215 of
the reservoir 210 and the chamber 250. Fluidic media may
flow through the port 212 until pressure within the interior
volume 215 of the reservoir 210 has been suificiently equal-
1zed relative to pressure 1n the chamber 2350. In other embodi-
ments, the plug 240 may be located at least partially 1n or over
the port 212 and may be positioned to be forced away from the
port 212 by the expelled fluidic media. Once pressure 1n the
interior volume 213 of the reservoir 210 has been sutficiently
equalized, the reservoir assembly 202 may be connected with
the base assembly 204.

The structure 255 having the chamber 250 may be located
outside of the reservoir 210. For example, the chamber 250
may be adjacent to the reservoir 210. In other embodiments,
such as the embodiment 1llustrated in F1G. 8C., a structure 256
having a chamber 251 may be located within the reservoir
210. Withreference to FIG. 8A, 1n further embodiments ofthe
present invention, the structure 2535 may include a membrane
wall 252, which may comprise an elastomeric material, or the
like. The membrane wall 252 may also be configured to allow
for pressure equalization across it through the use of a hydro-
phobic or hydrophilic filter or similar material. The mem-
brane wall 252 may be configured to expand (252" in FI1G. 8B)
to increase the volume of the chamber 250 1n a case where the
chamber 250 suificiently fills with fluidic media. In yet fur-
ther embodiments of the present invention, the structure 255
may have an opening (not shown) in communication with the
chamber 250 for purging fluidic media collected 1n the inte-
rior volume of the chamber 250. This may be useful 1n a case
where the interior volume of the chamber 250 1s not sudifi-
ciently large enough to contain fluidic media expelled from
the interior volume 2135 of the reservoir 210.

FIG. 8B illustrates a cross-sectional view of the system 200
for relieving pressure 1n a second position 1n accordance with
an embodiment of the present invention. Once pressure in the
interior volume 213 of the reservoir 210 has been sutficiently
equalized, the user may place the system 200 1n the second
position by connecting the reservoir assembly 202 with the
base assembly 204. In the second position of the system 200,
the plug 240 may be 1n a closed position so that the port 212
of the reservoir 210 1s substantially closed, such that fluidic
media 1n the 1interior volume 213 of the reservoir 210 can no
longer flow 1nto the chamber 250. The port 212 may be closed
by the plug 240 when the user connects the reservoir assem-
bly 202 with the base assembly 204. In such a case, the base
assembly 204 pushes against the plug 240 of the reservoir
assembly 202 and forces the plug 240 to enter, or otherwise
cover, the port 212 of the reservoir 210 of the reservoir assem-
bly 202. The plug 240 may be held 1n or against the port 212
by the base assembly 204. The plug 240 may cover the port
212 of the reservoir 210, and fluidic media contained 1n the
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chamber 250 may remain 1solated from fluidic media con-
tained 1n the interior volume 215 of the reservoir 210. In some
embodiments of the present invention, the base assembly 204
and the reservoir assembly 202 are not connected until pres-
sure in the interior volume 215 of the reservoir 210 has been
equalized with respect to pressure 1n the chamber 250.

According to the embodiment illustrated in FIG. 8B, when
the user connects the reservoir assembly 202 and the base
assembly 204 together, the needle 230, which may be sup-
ported by the base assembly 204, pierces the septum 214 of
the reservoir 210 and enters the reservoir 210. As a result,
fluidic media contained in the interior volume 2135 of the
reservolr 210 can flow through the needle 230 into the base
assembly 204 and ultimately to the user. For example with
reference to FIGS. 7A and 8B, fluidic media in the interior
volume 215 of the reservoir 210 may flow through the needle
230 into a fluid path 190 into the needle passage 192 and then
the cannula 194 and into the user. In other embodiments of the
present invention, the needle 230 may be positioned to pierce
the plug 240 and enter the reservoir 210. Thus establishing a
path for fluidic media in the interior volume 215 of the res-
ervoir 210 to tlow through the needle 230 1nto the base assem-
bly 204 and then to the user. In further embodiments, the
reservolr 210 may have a second port (not shown) for deliv-
ering fluidic media contained 1n the interior volume 215 of the
reservoir 210 to the base assembly 204 while the reservoir
assembly 202 and the base assembly 204 are connected.

FIG. 9A 1llustrates a cross-sectional view of a system 300
for equalizing pressure in accordance with an embodiment of
the present invention. The system 300 may include, but i1s not
limited to, a reservoir 310 and a plunger head 320. The res-
ervoir 310 may have an interior volume 315 for containing
fluidic media, such as, but not limited to, insulin. The reser-
voir 310 may have a passage 340 for allowing tluidic media to
be expelled from the interior volume 315 of the reservoir 310
in a case where a pressure difference exists between the
interior volume 3135 of the reservoir 310 and the passage 340.

The plunger head 320 may be located within the reservoir
310 and may be moveable within the reservoir 310 to expand
or contract the interior volume 3135 of the reservoir 310. The
plunger head 320 may be connected to a plunger shaft 325.
The plunger shaft 325 may comprise, for example, a hali-nut,
a quarter-nut, a U-shaped nut, or the like, that 1s able to engage
a drniveshaft 372 mechanically coupled to a motor (not
shown). The driveshait 372 may be, for example, a partial
screw or the like. The plunger head 320 may have a first
surface 321 and a second surface 322 connected by a channel
330. The plunger head 320 may be moveable within the
reservolr 310 to align the channel 330 with the passage 340.
When the channel 330 and the passage 340 are aligned and a
pressure difference exists between the interior volume 315 of
the reservoir 310 and the passage 340, fludic media may be
expelled from the interior volume 315 of the reservoir 310
through the passage 340.

In some embodiments of the present invention, the reser-
volir 310 may have a second interior volume 317. The interior
volume 315 of the reservoir 310 may allow for containing
fluidic media. The plunger head 320 may be located between
the interior volume 315 of the reservoir 310 and the second
interior volume 317 of the reservoir 310. As the plunger head
320 1s advanced within the reservoir 310, the interior volume
315 may be decreased, while the second interior volume 317
may be increased. The first surface 321 of the plunger head
320 may be 1n contact with fluidic media when fluidic media
1s 1n the 1nterior volume 3135 of the reservoir 310.

In some embodiments of the present mvention, the first
surface 321 of the plunger head 320 may be perpendicular to
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the second surface 322 of the plunger head 320. For example,
in the embodiment 1llustrated in FIG. 9A, when the channel
330 and the passage 340 are aligned and a pressure difference
exists between the interior volume 315 of the reservoir 310
and the passage 340, fluidic media expelled from the interior
volume 315 of the reservoir 310 may flow into the channel
330 and flow out the passage 340 located on a side of the
reservolr 310. In further embodiments of the present mnven-
tion, the system 300 may include a seal member (not shown),
such as an o-ring or the like, located between the plunger head
320 and the reservoir 310 to facilitate movement of the
plunger head 320 within the reservoir 310 and to prevent from
fluidic media from flowing between the plunger head 320 and
the reservoir 310.

The plunger head 320 may be moveable within the reser-
volr 310 from a first position 390 to a second position 390’
(refer to FIG. 9B). In some embodiments, when the plunger
head 320 1s 1n the first position 390, the channel 330 and the
passage 340 are aligned to establish a flow path from the
interior volume 315 of the reservoir 310 through the channel
330 of the plunger head 320 to the passage 340 of the reservoir
310. In a case where the channel 330 and the passage 340 are
aligned and a pressure difference exists between the interior
volume 315 of the reservoir 310 and the passage 340, fluidic
media in the mterior volume 315 of the reservoir 310 can tlow
freely or bolus through the channel 330 1nto the passage 340
until pressure in the interior volume 315 of the reservoir 310
1s suificiently equalized with respect to pressure in the pas-
sage 340. In the second position 390' (refer to FI1G. 7B), the
passage 340 and the chamber 330 are disaligned (1.e., no
longer aligned) so that fluidic media can no longer flow from
the interior volume 315 of the reservoir 310 through the
passage 340.

In some embodiments of the present invention, such as the
embodiment shown 1n FIG. 9D, the system 300 may include
a reservoir assembly 302 and a base assembly 304. The res-
ervoir assembly 302 may support the reservoir 310. The res-
ervoir assembly 302 can be removably attachable to the base
assembly 304. With reference to FIGS. 9A and 9B, the
plunger head 320 may be advanceable within the reservoir
310 from the first position 390, where the passage 340 and the
channel 330 are aligned, to the second position 390", where
the passage 340 and the channel 330 are disaligned, before the
user connects the base assembly 304 to the reservoir assembly
302. The plunger head 320 may be advanced, for example,
manually by the user, or by a motor (not shown) attached to
the driveshaft 372. In such an embodiment, the reservoir 310,
having the plunger head 320 in the second position 390",
would be ready to administer fluidic media safely to the user
as needed. Moreover, because fluidic media can no longer
flow 1nto the passage 340, fluidic media may not be wasted
when the plunger head 320 1s advanced from the second
position 390' to another position.

In some embodiments of the present invention, the reser-
volr 310 may further include a structure 355 having a cham-
ber 350. The chamber 350 of the structure 355 may be con-
nected to the passage 340. The chamber 350 may be for
collecting fluidic media that flows through the passage 340.
Fluidic media may flow through the passage 340 when the
channel 330 and the passage 340 are aligned and a pressure
difference exists between the interior volume 315 of the res-
ervoir 310 and the passage 340. The structure 355 having the
chamber 350 may be located outside of the reservoir 310, for
example, the chamber 350 may be adjacent to the reservoir
310. In other embodiments of the present invention, such as
the embodiment illustrated 1n FI1G. 9C, a structure 356 having
a chamber 351 may be located within the reservoir 310.
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In further embodiments of the present invention, such as
the embodiments illustrated in FIGS. 9A and 9B, the structure
355 may include a membrane wall 352, which may comprise
an elastomeric material, or the like. The membrane wall 352

may be configured to expand 352' to increase the volume of >

the chamber 350 1in a case where the chamber 350 suiliciently
f1lls with fluidic media. This may be useful 1n a case where the
chamber 350 1s not suiliciently large enough to contain fluidic
media expelled from the reservoir 310. The membrane wall
352 may also be configured to allow for pressure equalization
across 1t through the use of a hydrophobic or hydrophilic filter
or similar materal.

In some embodiments of the present invention, a valve 335
may be positioned at an end of the channel 330. The valve 335
may be, but 1s not limited to, a flapper valve or the like. The
valve 335 may be moveable between an open position and a
closed position. The valve 335 may be for closing the channel
330 when the valve 335 is 1n the closed position. The valve
335 may be in the closed position after the plunger head 320
1s advanced from the first position 390 to the second position
390" due to an abutting side 311 of the reservoir 310 that may
prevent the valve 335 from opening. As a result, fluidic media
in the interior volume 315 of the reservoir 310 may be pre-
vented from tlowing out the channel 330. In some embodi-
ments, the valve 335 may be in the closed position while the
plunger head 320 1s 1n the first position 390 1n a case where
pressure in the interior volume 315 of the reservoir 310 1s
relatively equal to pressure in the passage 340, such as after
pressure has been equalized or 1f pressure did not have to be
equalized.

In some embodiments of the present invention, a valve 345
may be positioned at an end of the passage 340. The valve 345
may be, but not limited to, a tflapper valve or the like. The
valve 345 may be moveable between an open position and a
closed position. The valve 345 may be for closing the passage
340 when the valve 3435 is in the closed position. The valve
345 may be 1n the closed position after the plunger head 320
1s advanced from the first position 390 to the second position
390'. As a result, fluidic media expelled through the passage
340, while the plunger head 320 was 1n the first position 390,
may be prevented from flowing back into the second interior
volume 317 of the reservoir 310. This may be desirable
because 1t may keep the reservoir 310 and the delivery device
relatively clean and sanitary. In some embodiments, the valve
345 may be 1n the closed position while the plunger head 320
1s 1n the first position 390 1n a case where pressure in the
interior volume 315 of the reservoir 310 1s relatively equal to
pressure 1n the passage 340, such as after pressure has been
equalized or 1f pressure did not have to be equalized.

FI1G. 9B 1llustrates a cross-sectional view of the system 300
in accordance with an embodiment of the present invention.
Once pressure 1n the iterior volume 315 of the reservoir 310
has been sufficiently equalized with respect to pressure in the
passage 340, the plunger head 320 may be suificiently
advanced within the reservoir 310 from the first position 390
(refer to FIG. 9A) to the second position 390'. As a result, the
passage 340 and the channel 330 of the plunger head 320 are
disaligned (1.e., no longer aligned) so that fluidic media in the
interior volume 315 of the reservoir 310 may no longer flow
into the passage 340. Accordingly, fluidic media that flows
from the interior volume 315 of the reservoir 310 into the
channel 330 may be prevented from flowing into the passage
340 or otherwise out of the reservoir 310 by the abutting side
311 of the reservoir 310. In addition, fluidic media expelled
through the passage 340 may be 1solated from fluidic media
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contained 1n the imterior volume 315 of the reservoir 310. The
reservoir 310 may now be ready to provide fluidic media to
the user.

In yet further embodiments, the plunger head 320 need not
be advanced from the first position 390 (refer to FIG. 9A) to
the second position 390" after pressure 1n the interior volume
315 of the reservoir 310 has been equalized with respect to
pressure in the passage 340. In such an embodiment, the
reservolr 310 may be ready to provide fluidic media to the
user. For example, when the plunger head 320 1s advanced
from the first position 390 (refer to FI1G. 9A) to satisty a need
ol the user, the advancement of the plunger head 320 may be
suificient to disalign the channel 330 and the passage 340 so
that the interior volume 315 of the reservoir 310 1s no longer
in flow communication with the passage 340.

In some embodiments, such as the embodiment 1llustrated
in FI1G. 9D, the base assembly 304 may include a needle 380
and a mating piece 370. The needle 380 may be for piercing
a septum 314 of the reservoir 310 when the user connects the
base assembly 304 with the reservoir assembly 302. The
needle 380 may be for allowing tluidic media contained 1n the
interior volume 315 of the reservoir 310 to flow through the
needle 380 into the base assembly 304 when the needle 380 15
connected to the reservoir 310 when, for example, the needle
380 pierces the septum 314 and enters the interior volume 315
of the reservoir 310. The mating piece 370 may be for cover-
ing or blocking the passage 340 when the base assembly 302
and the reservoir assembly 304 are connected so that fluidic
media 1n the interior volume 315 of the reservoir 310 cannot
flow out the passage 340 while the reservoir assembly 302
and the base assembly 304 are connected.

FIG. 10A 1llustrates a cross-sectional view of a system 400
for equalizing pressure 1n a {irst position in accordance with
an embodiment of the present invention. The system 400 may
include, but 1s not limited to, a reservoir assembly 402 and a
base assembly 404. The reservoir assembly 402 may include
areservoir 410 having a port 412 and a tlapper valve 440. The
base assembly 404 may include a needle 430 and a mating
piece 435. The reservoir 410 may have an interior volume 4135
for containing fluidic media, such as, but not limited to, 1nsu-
lin. The port 412 may be an outlet for expelling fluidic media
from the 1nterior volume 415 of the reservoir 410 before the
mating piece 435 and the reservoir 410 are operatively
engaged. The mating piece 435 and the reservoir 410 may be
operatively engaged when the user connects the reservoir
assembly 402 with the base assembly 404.

The ﬂapper valve 440 may be located on the port 412 of the
reservolr 410. The flapper valve 440 may be pierceable by the
needle 430. The needle 430 may be supported by the mating
piece 4335 and positioned to pierce the tlapper valve 440 when
the user connects the reservoir assembly 402 with the base
assembly 404 allowing the needle 430 to enter the interior
volume 415 of the reservoir 410 to establish a fluid path
between the reservoir assembly 402 and the base assembly
404. The flapper valve 440 may be held against the port 412
by the mating piece 435, thus closing the port 412 when the
user connects the reservoir assembly 402 with the base
assembly 404.

In some embodiments of the present invention, the system
400 may further include a structure 455 having a chamber
450. The chamber 450 of the structure 455 may be connected
to the port 412 of the reservoir 410. In other embodiments, the
chamber 450 may be connectable to or otherwise 1n tlow
communication with the interior volume 415 of the reservoir
410. For example, when the flapper valve 440 1s opened to
expel fluidic media, a fluid path may be established between
the mterior volume 415 of the reservoir 410 and the chamber
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450. The chamber 450 may have an mterior volume for col-
lecting fluidic media expelled through the port 412 from the
interior volume 415 of the reservoir 410 before the mating
piece 435 and the reservoir 410 are connected or otherwise
operatively engaged. Fluidic media may be expelled from the
reservolr 410 betfore the mating piece 4335 and the reservoir
410 are operatively engaged 1n a case where a pressure dii-
ference exists between the interior volume 415 of the reser-
voir 410 and the chamber 450. The structure 455 having the
chamber 450 may be located outside of the reservoir 410. For
example, the chamber 450 may be adjacent to the reservoir
410. In some embodiments of the present invention, such as
the embodiment illustrated in FI1G. 10C, a structure 456 hav-
ing a chamber 451 may be located within the reservoir 410.

As shown 1n FIG. 10A, the port 412 of the reservoir 410

may be initially 1n an open position, such that fluidic media
expelled from the reservoir 410 to equalize pressure within
the interior volume 415 of the reservoir 410, can flow freely or
bolus through the port 412. The expelled fluidic media may
torce the flapper valve 440 to open and flow out of the interior
volume 415 of the reservoir 410 until pressure within the
interior volume 415 of the reservoir 410 has been equalized
with respect to pressure 1n the chamber 450.

In some embodiments of the present invention, the struc-
ture 455 may include a membrane wall 452, which may
comprise an elastomeric material, or the like. The membrane
wall 452 may be configured to expand (452' in FIG. 10B)
outwardly to increase the interior volume of the chamber 450
in a case where the chamber 450 sufficiently fills with fluidic
media. The membrane wall 452 may also be configured to
allow for pressure equalization across 1t through the use of a
hydrophobic or hydrophilic filter or similar material. In yet
turther embodiments of the present invention, the structure
455 may have an opening (not shown) for purging fluidic
media collected 1n the mterior volume of the chamber 450.
This may be usetul 1n a case where the interior volume of the
chamber 450 1s not sufficiently large enough to contain all of
the fluidic media expelled from the interior volume 413 of the
reservoir 410.

FIG. 10B 1llustrates a cross-sectional view of the system
400 for equalizing pressure 1n a second position 1n accor-
dance with an embodiment of the present invention. Once
pressure 1n the interior volume 415 of the reservoir 410 has
been sulliciently equalized, the user may connect the reser-
voir assembly 402 with the base assembly 404. When the user
connects the reservoir assembly 402 with the base assembly
404, the mating piece 435 may push the flapper valve 440
against the port 412 to close or block the port 412, such that
fluidic media 1n the 1interior volume 413 of the reservoir 410
can no longer tflow out the port 412 to the chamber 450. The
needle 430 pierces the flapper valve 440 to allow fluidic
media contained 1n the interior volume 415 of the reservoir
410 to flow through the needle 430 to the base assembly 404
and then to the user. For example, fludic media could flow
from the 1interior volume 415 of the reservoir 410 through the
needle 430 into a fluid path (such as 190 in FIG. 7A) 1n the
base assembly 404 and to the user by way of a cannula (such
as 194 in FIG. 7A).

The mating piece 435 may securely hold the flapper valve
440 against the port 412 to prevent the tlapper valve 440 from
opening while the reservoir assembly 402 and the base assem-
bly 404 are connected. In some embodiments of the present
invention, the mating piece 435 may seal off the chamber 450,
thus imhibiting fluidic media contained in the chamber 4350
from flowing back into the interior volume 415 of the reser-
voir 410 or otherwise tlowing out of the chamber 450.
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FIG. 11A 1llustrates a cross-sectional view of a system 500
for equalizing pressure 1n a first position in accordance with
an embodiment of the present invention. The system 500 may
include, but 1s not limited to, a reservoir assembly 502 and a
base assembly 504. The reservoir assembly 502 may include
a reservoir 510 having a port 512 and a cap 540. The base
assembly 504 may include a needle 5330 and a mating piece
535. The reservoir 310 may have an interior volume 515 for
containing fluidic media, such as, but not limited to, msulin.
The port 312 may be an outlet for expelling fluidic media
from the interior volume 515 of the reservoir 510 before the
mating piece 535 and the reservoir 310 are operatively
engaged. The mating piece 335 and the reservoir 510 may be
operatively engaged when the user connects the reservoir
assembly 502 with the base assembly 504.

The cap 540 may be located on the port 512 of the reservoir
510. The cap 540 may be loosely fitted on the port 512 to

allow fluidic media in the reservoir 510 to push against the cap
540 and lift the cap 540 from the port 512 and flow out the
interior volume 3515 of the reservoir 310. In other embodi-
ments, such as the embodiment shown 1 FIG. 11A, the cap
540 may be positioned relatively ofiset to the port 512 so that
fluidic media may tlow freely through the port 512. The cap
540 may be pierceable by the needle 530. The needle 530 may
be supported by the mating piece 335 and positioned to pierce
the cap 540 when the user connects the reservoir assembly
502 with the base assembly 504 allowing the needle 530 to
enter the interior volume 513 of the reservoir 510 to establish
a fluid path between the reservoir assembly 502 and the base
assembly 504. The cap 540 may be held against the port 512
by the mating piece 535, thus closing the port 512 when the
user connects the reservoir assembly 3502 with the base
assembly 504.

In some embodiments of the present invention, the system
500 may further include a structure 555 having a chamber
550. The chamber 550 of the structure 355 may be connected
to the port 512 of the reservoir 510. In other embodiments, the
chamber 550 may be connectable or otherwise 1n flow com-
munication with the interior volume 5135 of the reservoir 510.
For example, when the cap 540 1s lifted from the port 512 to
allow tluidic media to be expelled from the interior volume
515 of the reservoir 510, a fluid path may be established from
the interior volume 5135 of the reservoir 510 to the chamber
550. The chamber 550 may have an 1nterior volume for col-
lecting fluidic media expelled through the port 512 from the
interior volume 5135 of the reservoir 510 before the mating
piece 535 and the reservoir 310 are connected or otherwise
operatively engaged. Fluidic media may be expelled from the
reservolr 510 before the mating piece 533 and the reservoir
510 are operatively engaged 1n a case where a pressure dii-
ference exists between the interior volume 3515 of the reser-
volr 310 and the chamber 550. The structure 555 having the
chamber 550 may be located outside of the reservoir 510, for
example, the chamber 550 may be adjacent to the reservoir
510. In other embodiments of the present invention, the struc-
ture 555 having the chamber 550 may be located within the
reservolr 510.

As shown 1 FIG. 11A, the port 512 of the reservoir 510
may be 1nitially 1n an open position, such that fluidic media
expelled from the interior volume 5135 of the reservoir 510 to
equalize pressure within the interior volume 515 of the res-
ervoir 310, can flow freely or bolus through the port 512 into
the chamber 550. In some embodiments, the expelled fluidic
media may push against the cap 540 to move the cap 540 from
the port 512 allowing fluidic media to flow out of the interior
volume 515 of the reservoir 510 until pressure 1n the interior
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volume 5135 of the reservoir 510 has been equalized with
respect to pressure in the chamber 550.

In further embodiments of the present invention, the struc-
ture 555 may include a membrane wall 552, which may
comprise an elastomeric material, or the like. The membrane
wall 552 may be configured to expand (552' in FIG. 11B)
outwardly to increase the interior volume of the chamber 550
in a case where the chamber 550 sufficiently fills with fluidic
media. The membrane wall 552 may also be configured to
allow for pressure equalization across 1t through the use of a
hydrophobic or hydrophilic filter or similar material. In yet
turther embodiments of the present invention, the structure
555 may have an opening (not shown) for purging fluidic
media collected 1n the mterior volume of the chamber 550.

FIG. 11B 1llustrates a cross-sectional view of the system
500 for equalizing pressure 1n a second position 1n accor-
dance with an embodiment of the present invention. Once
pressure 1n the interior volume 515 of the reservoir 510 has
been sulliciently equalized, the user may connect the reser-
voir assembly 502 with the base assembly 504. When the user
connects the reservoir assembly 502 with the base assembly
504, the mating piece 335 of the base assembly 504 pushes
the cap 540 against the port 512 of the reservoir 510 to close
or block the port 512. Thus, fluidic media 1n the interior
volume 515 of the reservoir 510 can no longer tlow out the
port 512 into the chamber 550. The needle 530 pierces the cap
540 to allow fluidic media contained 1n the interior volume
515 of the reservoir 510 to tflow through the needle 530 to the
base assembly 504 and then to the user. For example, fluidic
media could flow from the interior volume 515 of the reser-
voir 510 through the needle 530 into a fluid path (such as 190
in FI1G. 7A) in the base assembly 504 and to the user by way
of a cannula (such as 194 1n FIG. 7A).

The mating piece 335 may securely hold the cap 540
against the port 512 to prevent the cap 540 from opening
while the reservoir assembly 502 and the base assembly 504
are connected. In some embodiments of the present invention,
the mating piece 535 may block or seal off the chamber 550,
thus imhibiting fluidic media contained in the chamber 550
from flowing back into the interior volume 515 of the reser-
volr 310 or otherwise flowing out of the chamber 550.

FIG. 12 A 1llustrates a cross-sectional view of a system 600
for equalizing pressure 1n a first position 1n accordance with
an embodiment of the present invention. The system 600 may
include, but 1s not limited to, a reservoir assembly 602 and a
base assembly 604. The reservoir assembly 602 may include
a reservoir 610 having a port 612 and a covering 640 having
an opening 642. The base assembly 604 may include a needle
630 and a mating piece 635. The reservoir 610 may have an
interior volume 613 for containing fluidic media, such as, but
not limited to, msulin. The port 612 may be an outlet for
expelling fluidic media from the interior volume 613 of the
reservolr 610 through the opeming 642 1n the covering 640
before the mating piece 635 and the reservoir 610 are opera-
tively engaged. Fluidic media may be expelled trom the inte-
rior volume 615 of the reservoir 610 before the mating piece
635 and the reservoir 610 are operatively engaged, for
example, 1n a case where a pressure difierence exists between
the mterior volume 615 of the reservoir 610 and a chamber
650 attached to the port 612. The mating piece 635 and the
reservolr 610 may be operatively engaged when the user
connects the reservoir assembly 602 with the base assembly
604.

The covering 640 may be located on the port 612 of the
reservolr 610. The covering 640 may be pierceable by the
needle 630. The needle 630 may be supported by the mating,
piece 635 and positioned to pierce the covering 640 and to
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enter the reservoir 610 when the user connects the reservoir
assembly 602 with the base assembly 604. Thus, when the
reservolr assembly 602 and the base assembly 604 are con-
nected, a fluid tlow path 1s established between the reservoir
assembly 602 and the base assembly 604. The opening 642 1n
the covering 640 may be closed or blocked by the mating
piece 635 when the user connects the reservoir assembly 602
with the base assembly 604, such that, for example, fluidic
media can no longer tlow out the port 612 into the chamber
650.

In some embodiments of the present invention, the system
600 may further include a structure 653 having the chamber
650. The chamber of the structure 650 may be connected to
the port 612 of the reservoir 610. In other embodiments, the
chamber 650 may be connectable or otherwise 1n tlow com-
munication with the interior volume 6135 of the reservoir 610.
For example, fluidic media may be expelled from the interior
volume 615 of the reservoir 610 through the opening 642 in
the covering 640 into the chamber 650. The chamber 650 may
have an 1nterior volume for collecting fluidic media expelled
through the opening 642 from the interior volume 615 of the
reservolr 610 before the mating piece 633 and the reservoir
610 are connected or otherwise operatively engaged. Fluidic
media may be expelled from the interior volume 615 of the
reservolr 610 betfore the mating piece 633 and the reservoir
610 are operatively engaged 1n a case where a pressure dif-
ference exists between the interior volume 615 of the reser-
volr 610 and the chamber 650. The structure 655 having the
chamber 650 may be located outside of the reservoir 610. For
example, the chamber 650 may be adjacent to the reservoir
610. In other embodiments of the present invention, such as
the embodiment 1llustrated in FIG. 12C, a structure 656 hav-
ing a chamber 651 may be located within the reservoir 610.

As shown 1 FIG. 12A, the port 612 of the reservoir 610
may be 1nitially 1n an open position, such that fluidic media
expelled from the interior volume 613 of the reservoir 610 to
equalize pressure within the interior volume 615 of the res-
ervoir 610 can flow freely or bolus through the port 612 and
the opening 642 1n the covering 640. Fluidic media may flow
through the port 612 and the opening 642 1n the covering 640
until pressure within the mterior volume 615 of the reservoir
610 has been suificiently equalized with respect to pressure 1n
the chamber 650.

In further embodiments of the present invention, the struc-
ture 655 may include a membrane wall 652, which may
comprise an elastomeric material, or the like. The membrane
wall 652 may be configured to expand (652' in FIG. 11B)
outwardly to increase the iterior volume of the chamber 650
in a case where the chamber 650 sufficiently fills with fluidic
media. The membrane wall 652 may also be configured to
allow for pressure equalization across 1t through the use of a
hydrophobic or hydrophilic filter or similar material. In yet
turther embodiments of the present invention, the structure
655 may have an opening (not shown) for purging fluidic
media collected 1n the iterior volume of the chamber 650.
This may be useful in a case where the mterior volume of the
chamber 650 1s not sufficiently large enough to contain all of
the fluidic media expelled from the interior volume 615 of the
reservoir 610.

In some embodiments of the present invention, the reser-
volr 610 may further include a valve 643, such as, but not
limited to, a flapper valve or the like. The flapper valve 645
may be located on the opening 642 of the covering 640. The
flapper valve 645 may be forced open when fluidic media 1s
expelled from the interior volume 613 of the reservoir 610 to
equalize pressure within the interior volume 615 of the res-
ervoir 610 with respect to pressure in the chamber 630. The
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flapper valve 645 may be held against the opening 642 by the
mating piece 635 when the user connects the reservoir assem-
bly 602 with the base assembly 604, thus closing the opening
642 to prevent fluidic media from flowing out the opening 642
to the chamber 6350.

FIG. 12B 1illustrates a cross-sectional view of the system
600 for equalizing pressure in a second position in accor-
dance with an embodiment of the present invention. Once
pressure 1n the interior volume 615 of the reservoir 610 has
been sulliciently equalized, the user may connect the reser-
voir assembly 602 with the base assembly 604. When the user
connects the reservoir assembly 602 with the base assembly
604, the mating piece 635 of the base assembly 604 pushes
against the opening 642 of the covering 640 to close or block
the opening 642. As a result, fluidic media in the interior
volume 615 of the reservoir 610 can no longer flow out the
port 612 to the chamber 650. The needle 630 pierces the
covering 640 to allow tfluidic media contained 1n the 1nterior
volume 615 of the reservoir 610 to tlow through the needle
630 to the base assembly 604 and then to the user. For
example, fluidic media could flow from the interior volume
615 of the reservoir 610 through the needle 630 into a fluid
path (such as 190 in FIG. 7A) 1 the base assembly 604 and to
the user by way of a cannula (such as 194 1n FIG. 7A).

The mating piece 635 may securely cover or block the
opening 642 to prevent fluidic media from flowing out the
opening 642 while the reservoir assembly 602 and the base
assembly 604 are connected. In some embodiments of the
present invention, the mating piece 635 may close or other-
wise seal off the chamber 650, thus inhibiting fluidic media
contained in the chamber 650 from flowing back into the
interior volume 6135 of the reservoir 610 or otherwise flowing
out of the chamber 6350.

In further embodiments, the needle 630 may be positioned
to enter the opening 642 in the covering 640 and to enter the
interior volume 615 of the reservoir 610 when the reservoir
assembly 602 and the base assembly 604 are connected by the
user. In yet further embodiments, the valve 645 may be
pierced by the needle 630 when the reservoir assembly 602
and the base assembly 604 are connected by the user. In some
embodiments, the needle 630 has a diameter comparable to a
diameter of the opening 642 so that the needle 630 seals the
opening 642 when the needle 630 enters the opening 642.

The embodiments disclosed herein are to be considered in
all respects as 1llustrative, and not restrictive of the invention.
The present invention 1s 1n no way limited to the embodiments
described above. Various modifications and changes may be
made to the embodiments without departing from the spirit
and scope of the mvention. The scope of the mnvention 1s
indicated by the attached claims, rather than the embodi-
ments. Various modifications and changes that come within
the meaning and range of equivalency of the claims are
intended to be within the scope of the invention.

What 1s claimed 1s:

1. A system for controlling pressure 1n a fluid reservoir, the
system comprising;:

a housing structure having an opening and an interior vol-
ume through which a portion of a base assembly may be
inserted and received;

a pierceable member having a hollow interior volume, a
first end and a second end, the pierceable member
arranged 1n the interior volume of the housing structure,

for movement relative to the housing structure from a
first position to a second position, the pierceable mem-
ber arranged to receive a force from the portion of a base
assembly to move the pierceable member from the first
position to the second position, when the portion of the
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base assembly 1s inserted through the opening and
received within the interior volume of the housing; and

a hollow needle arranged to be connected 1 fluid flow

communication with the fluid reservoir, the hollow
needle having a longitudinal dimension and a piercing
end arranged within the hollow interior volume of the
pierceable member when the pierceable member 1s 1n
the first position, the piercing end of the hollow needle
piercing through the first end of the pierceable member
when the pierceable member 1s moved from the first
position to the second position;

the interior volume of the pierceable member configured to

receive fluid from the hollow needle 1n response to an
increase 1 fluid pressure within the fluid reservoir
betore the hollow needle pierces through the first end of
the pierceable member.

2. A system as recited 1n claim 1, wherein the pierceable
member has an iner surface surrounding the hollow interior
volume of the pierceable member, the 1nner surface of the
pierceable member extending along the longitudinal dimen-
sion of the hollow needle and bowing outward to define a
concave curvature along the longitudinal dimension of the
hollow needle.

3. A system as recited in claim 1, wherein the hollow needle
has a first opening arranged within the hollow 1nterior volume
ol the pierceable member when the pierceable member 1s 1n
the first position, such that fluid flowing through the hollow
needle from the reservoir when the pierceable member 1s 1n
the first position 1s expelled through the first opeming of the
hollow needle and retained within the hollow interior volume
of the pierceable member.

4. A system as recited in claim 3, wherein fluid flowing
through the hollow needle from the reservoir when the pierce-
able member 1s 1n the second position 1s expelled through the
first opening of the hollow needle to a location outside of the
interior volume of the pierceable member.

5. A system as recited 1n claim 1, wherein the pierceable
member mncludes a membrane wall that expands to increase
the size of the hollow interior volume, in response to an
increase 1n fluid pressure within the hollow interior volume of
the pierceable member.

6. A system as recited 1n claim 5, wherein the membrane
wall comprises an elastic materal.

7. A system as recited in claim 5, wherein the membrane
wall mhibits passage of fluid out from the hollow interior
volume of the pierceable member.

8. A system as recited 1n claim 5, wherein the membrane
wall uses a hydrophobic or hydrophilic material to allow for
pressure equalization across the membrane wall.

9. A system

as recited i claim 1, wherein the housing structure

includes a chamber that 1s outside of the hollow volume
of the pierceable member, but 1n fluid flow communica-
tion with the hollow volume of the pierceable member,
for recerving fluid from the hollow volume of the pierce-
able member, upon a the hollow interior volume of the
pierceable member receiving a volume of fluid that 1s
greater than the hollow volume of the pierceable mem-
ber.

10. A system as recited 1n claim 9, wherein the chamber of
the housing structure 1s arranged to receive fluid from the
hollow volume of the pierceable member, upon a volume of
fluid expelled from the first opeming of the hollow needle into
the hollow 1nterior volume of the pierceable member exceed-
ing the hollow volume of the pierceable member.

11. A system as recited in claim 9, wherein the pierceable
member has an iner surface surrounding the hollow interior
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volume of the pierceable member, the mner surface of the
pierceable member extending along the longitudinal dimen-
sion of the hollow needle and bowing outward to define a
concave curvature along the longitudinal dimension of the
hollow needle.

12. A system as recited in claim 9, wherein the hollow
needle has a first opening arranged within the hollow interior
volume of the pierceable member when the pierceable mem-
ber 1s 1n the first position, such that fluid flowing through the
hollow needle from the reservoir when the pierceable mem-
ber 1s 1n the first position 1s expelled through the first opening,
of the hollow needle and retained within the hollow 1nterior
volume of the pierceable member.

13. A system as recited 1n claim 12, wherein fluid flowing
through the hollow needle from the reservoir when the pierce-
able member 1s 1in the second position 1s expelled through the
first opening of the hollow needle to a location outside of the
interior volume of the pierceable member.

14. A system as recited in claim 1, wherein the interior
volume of the pierceable member 1s expandable to increase
the size of the hollow interior volume of the pierceable mem-
ber, 1n response to an increase 1n fluid pressure within the
hollow 1nterior volume of the pierceable member.

15. A method for controlling pressure 1n a fluid reservorr,
the method comprising:

providing a housing structure having an opening and an

interior volume through which a portion of a base assem-
bly may be inserted and received;

supporting a pierceable member in the interior volume of

the housing structure for movement relative to the hous-
ing structure from a first position to a second position,
the pierceable member having a hollow interior volume,
a first end and a second end, wherein supporting the
pierceable member 1includes arranging
the pierceable member to receive a force from the portion of
a base assembly to move the pierceable member from the first
position to the second position, when the portion of the base
assembly 1s inserted through the opening and received within
the 1interior volume of the housing;

arranging a hollow needle to be connected 1n fluid flow

communication with the fluid reservoir, the hollow
needle having a longitudinal dimension and a piercing
end, wherein arranging the hollow needle further
includes arranging the piercing end of the hollow needle
within the hollow interior volume of the pierceable
member when the pierceable member 1s 1n the first posi-
tion;

piercing through the first end of the pierceable member

with the piercing end of the hollow needle when the
pierceable member 1s moved from the first position to
the second position; and

receiving fluid 1n the imterior volume of the pierceable

member from the hollow needle, 1n response to an
increase 1 fluid pressure within the fluid reservoir
betore the hollow needle pierces through the first end of
the pierceable member.

16. A method as recited 1n claim 15, wherein the pierceable
member has an 1inner surface surrounding the hollow 1nterior
volume of the pierceable member, the method further com-
prising bowing outward the 1nner surface of the pierceable
member that extends along the longitudinal dimension of the
hollow needle to define a concave curvature along the longi-
tudinal dimension of the hollow needle.

17. A method as recited 1n claim 15, further comprising
arranging a lirst opening in the hollow needle within the
hollow 1nterior volume of the pierceable member when the
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pierceable member 1s in the first position, such that fluid
flowing through the hollow needle from the reservoir when
the pierceable member 1s 1n the first position 1s expelled
through the first opening of the hollow needle and retained
within the hollow interior volume of the pierceable member.

18. A method as recited 1n claim 17, arranging the first
opening in the hollow needle in a location outside of the
interior volume of the pierceable member when the pierce-
able member 1s 1n the second position so that fluid flowing
through the hollow needle from the reservoir when the pierce-
able member 1s 1n the second position 1s expelled through the
first opening of the hollow needle to the location outside of
the interior volume of the pierceable member.

19. A method as recited 1n claim 15, further comprising
providing the pierceable member with a membrane wall that
expands to increase the size of the hollow interior volume, 1n
response to an increase 1n fluid pressure within the hollow
interior volume of the pierceable member.

20. A method as recited 1n claim 19, wherein the membrane
wall comprises an elastic materal.

21. A method as recited 1n claim 19, further comprising
using hydrophobic or hydrophilic material for the membrane
wall to allow for pressure equalization across the membrane
wall.

22. A method

as recited i claim 15, further comprising providing a

chamber 1n the housing structure, the chamber being
outside of the hollow volume of the pierceable member,
but 1n fluid tlow communication with the hollow volume
of the pierceable member, for receiving flmid from the

hollow volume of the pierceable member, upon a the

hollow interior volume of the pierceable member receiv-
ing a volume of fluid that 1s greater than the hollow
volume of the pierceable member.

23. A method as recited 1n claim 22, further comprising
arranging the chamber of the housing structure to receive
fluid from the hollow volume of the pierceable member, upon
a volume of fluid expelled from the first opening of the hollow
needle into the hollow interior volume of the pierceable mem-
ber exceeding the hollow volume of the pierceable member.

24. A method as recited in claim 22, further comprising,
providing the pierceable member with an inner surface sur-
rounding the hollow interior volume of the pierceable mem-
ber, the mner surface of the pierceable member extending
along the longitudinal dimension of the hollow needle and
bowing outward to define a concave curvature along the lon-
gitudinal dimension of the hollow needle.

25. A method as recited 1 claim 22, further comprising
arranging a first opening of the hollow needle within the
hollow 1nterior volume of the pierceable member when the
pierceable member 1s 1n the first position, such that fluid
flowing through the hollow needle from the reservoir when
the pierceable member 1s 1n the first position 1s expelled
through the first opening of the hollow needle and retained
within the hollow 1nterior volume of the pierceable member.

26. A method as recited 1n claim 25, wherein tluid flowing
through the hollow needle from the reservoir when the pierce-
able member 1s 1in the second position 1s expelled through the
first opening of the hollow needle to a location outside of the
interior volume of the pierceable member.

27. A method as recited 1 claim 15, further comprising
expanding the interior volume of the pierceable member 1n
response to an increase in fluid pressure within the hollow
interior volume of the pierceable member.
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